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. Conversion to war production 


makes great demands upon both plants and 
personnel. While altering plant layouts, ex- 
petienced employees must be taught cor- 
rect methods of handling new operations 
on different metals. New employees must 
be trained...and taught to avoid waste and 


spoilage of critical materials. 


You can guickly obtain practical answers 
to questions about the selection, fabrication 
and uses of ferrous and non-ferrous alloys 
containing Nickel by asking us. We have 
on hand a fund of information collected 
through years of research, field studies and 
experiences of alloy users. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


This data has been checked and edited into 
convenient charts and pamphlets. These 
printed pieces range from technical data for 


e>7ineers to simplified guides for apprentices. 


Now...with minutes and materials so 
vital to Victory...make full use of this 
metal-working experience. Our technical 
staff also offers personal assistance in over- 
coming problems created when Nickel 
was allotted to places where it serves the 
Nation best. 


Mickel + 


67 WALL STREET 
NEW YORK, N.Y. 
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Sleeve Bearings 


Before he can design a bearing with 
assurances that it will do its job satis- 
actorily, the product engineer must 
understand how to coordinate the inter- 
related design factors that determine a 
hearing’s performance. Bruno Sachs, 
technical director of Johnson Bronze 
Company, explains these factors and 
how to use them in this month’s lead 
article, first of a comprehensive, data- 
packed series. Part I, pages 248 to 
952, describes heat generation, effect 
of lubricant, friction states. Charts 
show relations between bearing diame- 
ter, length, clearance, thickness of oil 
flm, speed, and unit bearing pressures. 


Industrial Plastic Parts 


Industrial plastics have a man-sized 
job to do in tough mechanical, electri- 
cal and chemical applications. In spite 
of the large volume used in saltcellars, 
toys, molding and fancy gadgets that 
the average man may think of when you 
say “plastics,” industrial applications 
account for the greatest volume of plas- 
ties production. Conclusion: every plas- 
tic part ought to be designed with the 
same Care as a spring, casting, or bear- 
ing. That means the design engineer 
should know thoroughly everything con- 
tained in T. N. Willcox’s article “In- 
dustrial Plastic Parts,” pages 269 to 
272. 


Fits and Tolerances 


An engineer called our office the 
other day and said he was checking 
over a blueprint which, he suspected, 
called for the wrong class of fit for a 
shaft. Could we help him?, he asked. 
It seems the American Standards As- 
ciation has recently set up tentative 
standards for fits and tolerances, but 
naturally these do not indicate what 
class should be specified for any given 
application. Our answer: when faced 
with this problem of fits and have little 
previous experience to go by, turn to 
pages 278-280 for 19 sketches of typi- 
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cal applications suggesting what class 
of fit to try first. 

For quick determination from a nomo- 
graph of tolerances, allowances and 
interferences for the eight classes of 
fit included in the American Tentative 
Standard B4a—1925 of the American 
Standards Association, turn to this 
month’s Reference Book Sheet, page 
305. 


Welded Strap Ends 


Strap ends for brake bands are com- 
mon machine elements, but there is 
plenty of opportunity for improvements 
in their design by use of welding. In 
an article beginning on page 262, 
theory, design and savings in time, ma- 
terial and costs of welded strap ends 
are shown by Mr. Gustaf Johansson. 


Patent Procedure—IV 


Suppose you've had a good idea and 
want to develop it with assistance. Will 
you be able to prove later that it was 
all yours? Will you lose your right to 
a patent through ignorance of limita- 
tions on sales and public use before 
an application is filed? Mr. Miles 
Henninger, in another of his series 
tells you what to do and what to avoid 
in order to complete your invention 
satisfactorily. Pages 281-282. 


Brightness Ratings 


There are many times when informa- 
tion on the tarnish rate of a metallic 
surface is extremely valuable. For in- 
stance: the design of electrical circuits 
where metallic contacts are exposed to 
atmosphere for long periods. Alfred 
M. Suggs of P. R. Mallory & Company 
describes on page 253 of this issue a 
new method to analyze tarnish by 
measuring light absorption and shows 
how to set up the apparatus required. 


Hot 


Induction heating has been a “hot” 
subject in progressive design during the 
past very few years. We've seen it take 
over hitherto impossible jobs in surface 
hardening. We've seen it giving scale- 
free heats for precision forging. Just 
now it’s moving into the field of brazing 
which, mark our words, will soon be 
mighty important. Brief data: page 261. 


Selenium Rectifiers—II 


Propuct ENGINEERING for March 
plunged into the new and important 
subject of selenium rectifiers with Part 
I of this comprehensive article by 
Carole A. Clarke. In this closing in- 
stallment Mr. Clarke gives additional 
information and data on performance of 


Electric-Strain Gages 


The strain gage opens the path for more rational and efficient product design 





based on a knowledge of actual service loads and conditions. Strain gage studies 
enable the designer to put strength where it is needed, and eliminate wasted 
material where strength is not needed. A relatively new and simple method for 
measuring strain in stressed materials now makes it possible for the design engineer 
to measure more easily and exactly the loads, stresses and strains induced in 
structures. Details of this new method will be given next month in “Electric-Strain 
Gages” by F. Mittelberger. A good article for all interested in design testing. 


Which Molded Plastic? 


When designing molded plastic parts, the choice between injection and com- 
pression molding compounds is often a tough one. Next month, D. A. Dearle, 
author of the book “Plastics Molding” will answer common questions on this 


subject. Most of these questions involve design of the molds and what you can 
do with them. 


Universal Joints by Vectors 


One of the bugaboos in designing a universal joint is that the variation in load 
is not apparent by a quick inspection, and without a good analysis some bad errors 
might creep in. Engineers L. D. Hagenbush and J. Holstein of Goodman Manu- 
facturing Company have developed a vectorial approach to this problem that can 


save much time over the drawing board. They will explain it in Propuct 
ENGINEERING for June. 


Gear Tooth Profiles 


Gears 1 in. wide that carry 2,000 lb. load per tooth are in everyday use but 
their success required considerable development of the art of tooth design. In an 
article to appear next month, Mr. C. G. Pfeffer describes this development, presents 
some of the designer's pitfalls and shows how to get out of them. 





selenium rectifiers and presents ha: s 
tables for the design of circuits yg, 
these rectifiers. Size and capacity af 
rectifiers, circuit characteristics ‘wi KY 
current factors of the different circuit j 
are all included. An article fo; your a 
reference files: pages 26 to 263 


Hydraulic Cylinders] | 


Concluding article in this series ), | 
James E. Thompson and Rodney j | 
Campbell deals mainly with design iB 
tails for sealing various types of ly. 
draulic cylinders, such as end caps, 
swivel joints, and ring seals. Methoj, | 
for limiting length of stroke are jp, 
cluded, as are designs of dash-pots thy 
serve as shock absorbers. Pages 97; 
to 277 in this issue. 4 


Electron Tubes vs. Mechanisn; | 


An industrial instrument takes th. ¥ 
lead among this month’s Modern ).. 
signs. It is a self-balancing potentiop. | 
eter pyrometer — formerly an_ instr. | 
ment requiring a galvanometer aj 
complicated cyclic balancing mecha. 
isms with all the design and service 
problems attendant. Brown Instrumen: With 
Company have recently replaced his 
galvanometer with a continuous balane. of th 
ing system consisting only of an ele. |) partn 
tronic unit and a simplified mechanical) design 
drive—an interesting electrical-mecha- | py the 
ical design with precise, fast, and pe} .j 


OR 






; 7 ee ably « 
sistant operation as its aim. For de. ty 
tails see pages 254 to 256. 7 om 

in per 

Materials Data effort: 

Use of silver-bearing solders aif} new d 
brazing alloys is expected to expand le} '0 the 
cause of restrictions on tin. This articef} Pra 


by Herbert Chase covers properties «i q desigr 
these alloys, their advantages, and ther) Sitinie 
relation to proper design of joints. Sef Most 
pages 283 and 284. ros 
Vinylidene chloride plastics are wf design 
doubtedly among the most importa! bonde 
recent developments in materials. Thy 
are extremely tough, strong and chen-f} 
cal-resistant, and can be molded, ef 
truded, or pulled into high-strengiff 
fibres. Complete design data is gitff 
on pages 285 and 286. 








Neoprene synthetic rubber ha‘ But 
wide background of experience Wli'h that a 
constitutes an advantage over more th chan 
cently introduced synthetic rubles ub 
Much has been published about 1 attituc 
prene’s characteristics and behavior 9% that a 
service. Pages 287 to 289 abstract 0" desig; 
more significant qualities. T of the 

Physical properties of Muntz mee were 
an alloy of copper and zinc which « 
tains 60 percent copper, are give!” 
chart form on pages 290 to 2%. Ths i 
alloy dates back to a patent by“ 

es 


Frederick Muntz in 1832. 
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f an ele. |) partners, radical and sweeping changes in engineering 
mechanical |) design are taking place. As in all other countries affected 
al-mechar- |) by the present conflict, in the United States engineers are 
‘ 2 A | ably contending with the problems created by the scarcity 
1. For de : A é ? ° : 
of materials while striving to develop designs that excel 
in performance. Already the results of their ingenuity and 
efforts are startling and numerous. Almost daily some 
‘lders anjf, 2& development passes from the engineering department 
expand le}, to the test department, on its way to the production line. 
This artic} Practically all of the latest developments in engineering 
roperties “} design relate to war equipment, therefore, not much con- 
s, ri _ : cerning them can be published or even talked about. 
omits, Ot F . oe ° . . 
J Most certainly this is not the time to give details of the 
ics are uw} design of the combat trainer made of steel and resin- 
; importa!) bonded wood, or of any of the numerous other achieve- 
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ee changes themselves, but in the new points of view, neutral 
about § “ttitudes and methods of engineering design operations 
behavior 8 that are being firmly established. The new approach in 
abstract ff design was neatly described by the chief engineer of one 
iii of the leading aircraft manufacturers when he said: “We 
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The War’s Impact On Design 


that appealed to us because of one or two outstanding 
properties that it possessed. Having selected this material, 
we studied it, tested it and learned about it until we knew 
more about it than we did about any other material. 
Because the material gave satisfactory results, we stuck to 
it. Now, however, we are being forced to resort to other 
materials and, therefore, being compelled to learn to 
know them. After we know them intimately, we find that 
we can use them effectively and efficiently. Thus we have 
been obliged to take an entirely new attitude toward 
materials. We must learn how to use a great variety of 
them and not confine ourselves to a few pet materials. 
We are learning that best results are often obtained by 
using different materials in combination.” 

Thus the circumstances of war have aroused the design 
engineers to a fuller realization of the necessity of closely 
investigating the possibilities of many materials. This is 
perhaps not a fair statement because most engineers have 
long recognized that if they had sufficient data and a more 
complete knowledge of another material, they would be 
able to design for it effectively and efficiently. It would be 
more accurate to state that the present situation has given 
the design engineers an opportunity to show that if they 
are allotted by management the needed and reasonable 
appropriations for experimenting and testing to find out 
how to use another material, the results will be profitable. 
Design engineers are making full use of this opportunity 
and management is being convinced. Cost figures and 
performance cannot be disputed. Convictions that are 
based on such data are likely to be enduring. 














SLEEVE BEARINGS - | 


Factors That Govern Their Design and Performance 


ANY interdependent _ factors 
are involved in the design of 
bearings. The dependence of 

one factor upon another is sometimes 
difficult to determine, yet their proper 
coordination must be understood by an 
engineer before he can design with 
assurance a bearing that will perform 
satisfactorily under a given set of oper- 
ating conditions. Primary considera- 
tions in bearing performance are heat 
equilibrium and bearing temperature. 

All the mechanical work required to 
overcome friction in sleeve bearings is 
transformed into heat which raises the 
temperature of the bearing and its hous- 
ing above the temperature of the sur- 
rounding atmosphere. The temperature 
rise at the bearing continues until sta- 
tionary conditions of heat equilibrium 
are reached, that is, until the frictional 
heat produced per unit of time equals 
the amount of heat which is carried 
away from the bearing during the same 
time. This heat equilibrium, therefore. 
determines the stationary bearing tem- 
perature. The permissible limit of this 
temperature depends mainly upon the 
properties of the lubricating oil and 
those of the bearing material. 

The heat quantity Q in B.t.u., or its 
mechanical equivalent V in ft. lb. which 
can be carried from a bearing, depends 
upon the volume, temperature and move- 
ment of the surrounding air. Calm out- 
side air, of course, does not remove as 
much heat as does a strong ventilating 
draft such as is present around cross- 
head bearings and locomotive bearings. 
High values of heat dissipation can be 
obtained by water cooling the bearing 
by jacketing or spraying, and by forcing 
abundant quantities of oil through the 
running clearance. 

Average values of W are shown in 
Fig. 1, for bearings without artificial 
liquid cooling, for a range of differ- 
ences between the bearing and room 
temperature. 


With p = unit bearing pressure in lb. per sq. 
in. of projected area 
v = peripheral speed in ft. per min. 
f = coefficient of friction. 
d = dia. of shaft in in. 


n = revolutions per min. 


the mechanical equivalent W of the fric- 
tional heat in ft. lb. per sq. in. of pro- 
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jected bearing area produced per min. 
can be expressed as 
W = mf (1) 
w=? dnf (2) 
12 
In bearings with changing load, a 
differentiation must be made between 
the occurring maximum pressure and 
the mean pressure, the latter being de- 
termined over the time period of one 
load cycle. For the thermodynamical 
calculation the mean pressure is au- 
thoritative. On the other hand, in calcu- 
lations involving oil film and fatigue 
resistance the maximum pressure must 
be used. 
For conditions of heat equilibrium 
Equation (2) can be rewritten as 





pdn= == (2a) 
mf 
or 
12 W 
j= a pdn - 


From the point of view of heat dissi- 
pation, the maximum permissible co- 
efficient of friction is determined by 
Equation (2a) or (2b), if the station- 
ary working temperature of the bearing 
is known. Oil companies, as a rule, 
recommend an operating temperature of 








W =Mechanical equivalent of 
heat energy in ft. |b. per 
sg. in. of projected bear- 
ing area per min. 
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Fig. 1—Average values of mechanical 
equivalent of heat energy dissipated by 
bearings operating at temperatures above 
room temperature 


140 deg. F. in order to obtain best tech. 
nical and economical results, Vit 
higher oil temperatures the rate ,j 
oxidation and deterioration increase 
rapidly, especially in circulating lyhy; 
cation systems. 

To simplify calculations Equatiy, 
(2a) is plotted in Fig. 2 for a tempera. 
ture rise, A 7, equal to 80 deg. F., thy 
is, a difference of 80 deg. F. betwee 
the bearing temperature and _ outsi(: 
temperature, for both well ventilate 
and unventilated bearings. For «. 
ample, these curves show that for p 
equal to 200 lb. per sq. in., d equal t 
1 in., and n equal to 1,100 r.p.m, the 
maximum permissible coefficient oj 
friction f is 0.007 for a well ventilated 
construction, and /’ is 0.0035 for ay 
unventilated bearing, if a bearing tem. 
perature rise of more than 80 deg, F 
above the room temperature is to be 
prevented. For a bearing of 134 in. dia. 
having the same unit pressure and 
r.p.m., the maximum permissible co- 
efficient of friction is 0.004 for a well 
ventilated bearing and is 0.002 for an 
unventilated bearing. 

In Fig. 3 is shown the same relation 
between unit pressure p, r.p.m. n, dia 
d and maximum permissible coefficient 
of friction as is shown in Fig. 2 but fora 
temperature rise of 140 deg. F. for well 
ventilated and non-ventilated bearings. 

In the performance of a bearing. a 
decisive role is played by the coefficient 
of friction f. In sleeve bearings a differ. 
entiation must be made _ between dn 
friction of the shaft on the bearing. 
semi-fluid or mixed friction (often alo 
called boundary friction), and fluid 
friction. 

Dry friction takes place if no lubric 
tion is provided or with complete failure 
of lubrication, and also at starting ani 
stopping when the speed is zero. The 
value of the coefficient of dry friction 
varies from 0.16 to 0.29 depending up 
the nature of the bearing and shal 
materials, and their surface quality 
Essential wear of the bearing or shal 
takes place only with dry friction. 

Semi-fluid or mixed friction take 
place when the oil film is not able © 
bear the load. This state always exis 
if the quantity of the lubricant is small: 
such as is supplied by drop-feed cup 
wick-feed oilers, bottle oilers, mecha 
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Fig. 2 -Relation between load, speed and coeffi- 
cient of friction for temperature rise of 80 deg. 
F. for well-ventilated and non-ventilated bearings 


————_$;—____}__ + 


p-d. per sq. in. | 
d= Bearing dia. in inches 
n-R.pm. 

§= Coefficient of friction for well-ventilated bearing (W=400) 
f= “ “ “ “ non-ventilated bearing (W=200) 
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ical force-feed lubricators and hand oil- 
ing. Semi-fluid friction also occurs in 
self-lubricating porous powder bearings. 

Furthermore, this condition exists 
when the unit bearing pressure p is 
high and the speed low, or when the 
motion is oscillating or reciprocating 
like that found in journal joints and 
crosshead slides. A condition of semi- 
fluid friction, also, occurs on small areas 
of bearings running with fluid friction 
when there are local interruptions of 
the oil film caused by misalignment, 
vibrations, end leakage, bell mouthing, 
surface irregularities, inaccuracy of the 
shaft and bearing, entrapped foreign 
particles and incorrect oil grooves. 

Even in bearings, properly designed, 
machined, installed, and fully lubri- 
cated, operating under periodically and 
quickly changing load, such as connect- 
ing rod bearings in high speed com- 
bustion engines, the limit of fluid fric- 
tion might be reached or exceeded dur- 
ing short moments on minute surface 
zones when the load or its direction 
change jerkily, thus resulting in small 
semi-fluid states and in local rises of 
temperature far above the average bear- 
ing temperature, although the bearing 
as a whole runs in the state of fluid 
friction. Semi-fluid friction takes place 
also in bearings running with fluid fric- 
tion during the stopping and starting 
periods. The value of the coefficient of 
semi-fluid friction varies between 0.02 
and 0.12 depending upon operating con- 
ditions. Graphited and grease lubri- 
cated bearings usually run in a friction 
state between boundary and dry friction 
with a value between 0.12 and 0.16 for 
the coefficient of friction. 

Most important for ideal mechanical 
performance is the state of fluid friction. 
This condition assures lowest friction 
values and practically does away with 
wear. 

Some types of lubrication which de- 
liver sufficient oil to the bearing to make 
fluid friction possible are pressure pump 
lubrication, splash oiling, bath oiling, 
ring. chain and collar oiling. In all 
these systems the oil circulates from a 
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d'= Dia. of bearing 
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h = Min. oil film 
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Fig. 4—Conditions in a properly lubricated bearing after the wedge shaped load carry. 
ing oil film has been formed. Note how the shaft lifts out of contact bearing 


reservoir to the bearings and returns. 
The quantity of oil that flows through 
the bearing and whether or not it passes 
through an oil cooler, determines 
how much cooling of the bearing is 
accomplished by the oil. 

Fluid friction is realized when the 
sufficiently supplied quantities of oil 
in the bearing are subjected to a 
hydrodynamical pressure necessary to 
maintain the shaft in a floating posi- 
tion; whereby a cohering film of oil is 
created which separates the shaft and 
bearing surfaces. The necessary pres- 
sure is obtained by designing and oper- 
ating the bearing as a viscosity pump 
the action of which is based on the 
application of gap narrowing, that is, the 
formation of a wedge-shaped oil film. 
The value of the coefficient of fluid 
friction varies between 0.002 and 0.010 
depending upon several factors. 

Co-acting surfaces of bearings and 
shafts are not perfectly smooth, they 
have microscopic irregularities, valleys 


Table I—Viscosity Range of S.A.E. Numbered Oils 





























Viscosity Range Saybolt Universal Seconds 
S.A.E. At 130 deg. F. At 210 deg. F. 
Viscosity 
Number Fas ; 
Minimum Maximum Minimum Maximum 
10 90 120 
20 120 185 | 
30 185 255 | 
40 255 75 
50 ce 105 
60 | 105 125 
70 125 150 
250 


and peaks, and in order to prevent any 
contact of the two surfaces, the space 
between them must be filled at leas 
with a film of lubricant having a thick. 
ness greater than is needed to prevent 
the surface peaks from touching. 

One side of the film adheres to the 
bearing surface and is, therefore, sta 
tionary; the other side of the film ad- 
heres to the shaft and has a velocity 
equal to the surface speed of the rm 
tating shaft; in other words, the velocity 
throughout the oil film layers increases 
from zero to the shaft speed. Hence, 
the friction is determined only by the 
internal resistance of the oil film lay- 
ers. This resistance is proportional to 
the oil viscosity and the rate of layer 
speed change. The rate of layer speed 
change is expressed by dv/dh where 
dv stands for the layer speed differen- 
tial and dh for the perpendicular dis 
tance between two adjacent layers. 

Before continuing this analysis fur 
ther a few words on viscosity may be 
timely. The unit of “absolute ve 
cosity” in the c.g.s. system is the poise. 
A smaller unit is the centipoise which 
is equal to one hundredth of a poise 
Numerical values of the “absolute vis 
cosity” in centipoises are obtained 
by multiplying the “kinematic 
cosity.” expressed in centistokes, by the 
oil density in grams per cu. cm. at the 
temperature in question. 

A commercially used method, knows 
as Saybolt Universal Seconds for mea 
uring and describing the oil viscosity, 
is the time in secunds it takes an ol 
at a given temperature to flow through 
a standard size orifice and fill a stant 
ard size cup. 
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Saybolt Universal Seconds S U can be 
transformed into centistokes thus 
then S U < 100, . 
pe — 0.226 S U — 195/S U 
When S U 2 100, 
centistokes = 0.220 S U — 135/S U 
For bearing calculations the following 
approximate values of the specific 
gravity or density of oils at 60 deg. F. 
can be used 
0.88 for S.A.E. 10 to 30 


0.89 for S.A.E. 40 to 60 
0.90 for S.A.E. 70 


The specific gravity of oils changes 
with the temperature according to: 
Specific gravity at ¢ deg. F. 
specific gravity at 60 deg. F. 
=——~T + 0.00036 (t — 60) 





Diagrams showing for each grade of 
oil the relation between viscosity and 
temperature can be obtained from oil 
companies. These charts (A.S.T.M. 
Standard D-341-39) are so constructed 
that for any given petroleum oil the 
viscosity-temperature points lie on a 
straight line within that temperature 
range in which the oil is a liquid. 

The often referred to S.A.E. Viscosity 
Numbers according to their definition 
do not describe in any way the rate of 
change of oil viscosity with the tem- 
perature but, as shown in Table I, 
merely establish the range of oil vis- 
cosity at one arbitrarily chosen tem- 
perature. 

When stationary the shaft, of course, 
rests on the bottom of the bearing. 
When rotated, however, the shaft when 
properly lubricated lifts out of contact 
with the bearing and is displaced in 
the direction of rotation as shown in 


Fig. 4, and rides on a film of lubricant. 

The formation of the wedge shaped 

load carrying oil film takes place under 

well defined conditions. It is the de- 

signer’s task to secure these conditions. 
With reference to Fig. 4 let 


= clearance in in. 

h = minimum oil film thickness in in. 

d’= dia. of bearing in in. 

d= dia. of shaft in in. 

1 = length of bearing in in. 

e = eccentricity in in. 

a = complement to the angle of radial dis- 
placement of the rotating shaft 


Then arbitrarily let 


f = coefficient of fluid friction 

p = unit bearing pressure in lb. per sq. in. 
of projected area 

nm = revolutions per min. 

Z = “absolute viscosity’ in centipoises of 
the oil at its actual working tem- 
perature in the bearing. 

Ci, C2,m = constants from Fig. 5 which are 
functions of a. To each value of C;, belongs 
one certain value of C2 and of m. 

G = Constant from Fig. 6 which depends on 
the ratio 1/d. 


Then these equations are valid 


c=d'-—d (3) 
h = (c/2) —e (4) 
e = (c/2) CG, (5) 


= (V2) (1.233) (10-*) ( (Zn) )s 
G Pp 
‘ss (6) 
af 1-G C; ‘ 
ha (45°)( “ ) (1.233) (10-*) 
We) 
P 
f=m (#4 4 1) (1.233) (10-4) 
(yz) 
V> 


The analysis and interpretations of 
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Figs. 5 and 6—Values of constants used in determining the thickness of oil film 
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Equations (6), (7) and (8) and their 
interdependence is best done graphic- 
ally. For this purpose they are trans- 
formed by dividing Equation (7) by 
Equations (6) and (8) respectively, 
taking the form 


h 1- Ci c 
+-(5)(2) 


(1— G1) VG rs 
| 2G |o.200 (10~*) 


GE) 
Pp 

(1— Ci) (VC2) f 
7 va ( 4d a 1) (8a) 


For a bearing with //d equal to 1, 
the Equations result in 


h 1— Ci c 
EG) 


= | (Zn) 
= (1 — C1) (V2) (0.30825) (10) \ - 


(7b) 
(8b) 





_(1— C, (VG) f 
8.9444 m 


In Fig. 7 the Equations (6b), (7b) 
and (8b) are shown graphically with 
the constants C, as abscissa and h/d as 
ordinates. The scale for these ordinates 
is so chosen that the dimensions of the 
oil film thickness are given in micro- 
inches, (1 micro-inch equals 0.000001 
in. or 1 times 10° in.), the clearance 
and diameter given in inches. 

Each equation is represented by a 
group of curves and the relations be- 
tween c/d, h/d, \/Zn/p and f for bear- 
ings having a ratio //d equal to 1 can 
be readily read off. For instance, if 


c/d equals 0.0015 in. and \/Zn/p equals 
16, the coefficient of friction f will 
equal 0.007 and h/d equals 535. Assum- 
ing, as an example, that d equals 1 in., 
the oil film thickness will be 535 micro- 


inches. If now the value of \/Zn/p be- 
comes smaller, for instance during the 
stopping period, the corresponding val- 
ues for f and h are to be found by mov- 
ing down along the line c/d equals 
0.0015 in. Now for \/Zn/p equal to 7, 
it can be seen that f becomes 0.0032 and 
h equals 130 micro-inches. If the sum 
of the maximum heights of the surface 
irregularities of shaft and bearing is of 
the order of 130 micro-inches, mixed or 
semi-fluid friction would start at this 
point. 

The significance of the size of the 
clearance can be easily recognized from 
Fig. 7; for example, with a bearing 
having d equal to 1 in., a clearance of 
0.0005 to 0.0010 in. and values of 


VZn/p of 6.3 to 7.5, the coefficient of 
friction f is 0.003 with an oil film thick- 
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Fig. 7—Clearance, film thickness, coefficient of friction and other factors for bearings having a length diameter ratio equal to oe 


ness h equal to 205 to 225 micro-inches. 
With a clearance of 0.0025 to 0.0030 in. 
it will be practically impossible to ob- 
tain this coefficient of friction of 0.003, 
because the oil film thickness will be- 
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come so small that surface contact 
between shaft and bearing will throw 
the bearing from the fluid friction state 
into mixed friction. ; 
Furthermore, it can also be seen from 


the curves in Fig. 7 that with an et 
larged clearance in the bearing 4 4 
consequence of wear, the oil film thick 
ness becomes smaller and the safety 
against surface touching decreases. 
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BRIGHTNESS RATING 
Of Metal Surfaces Measured by Reflected Light 


ANY PROBLEMS encountered 
in the metallurgical field need 
for their solution the determi- 

nation of the light absorption of a metal 
surface and the rate at which a tarnish 
of flm appears on the surface. There 
are numerous instances in which such 
information is extremely valuable. In 
electrical circuits, wherein the contacts 
are open for appreciable periods of 
time the contacts should be of materials 
which will not tarnish rapidly, as a 
heavy tarnish film usually results in 
high resistance contacts. Also, such a 
film often mars the appearance of the 
instrument. In applications such as 
ornamental ware and table ware, the 
appearance is of prime importance in 
the choice of material. 

Several methods have been used to 
measure the specular and diffuse re- 
flection from metal surfaces, and these 
measurements have been used in various 
ways to give the surface under con- 
sideration a brightness rating. How- 
ever, these methods require consider- 
able equipment and time for set-up and 
may require several calculations to ar- 
rive at a brightness rating. 

The brightness rating, as determined 
by the instrument described herein, is 
direct reading and is proportional to 
specularly reflected light and to dif- 
fusely reflected light which is deviated 
only a small amount from the angle of 
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ment is based on the assumption that 
the light scattered through a small angle 
from the angle of reflection will make 
the surface appear brighter, while the 
light scattered through wide angles does 
not add materially to the brightness of 
the surface. 

A schematic diagram of the instru- 
ment is shown in Fig. I. At A is a con- 
centrated light source which consists of 
a double-filament automobile headlamp 
in which both filaments are heated. The 
filaments are operated slightly under 
their rated current to insure a long life 
of the bulb and a more constant light 
source. The surface to be measured is 
held in place at B by a clamp and 
locating fixtures so that the surface can 
be accurately registered for subsequent 
measurements. Light reflected from the 
surface strikes the photronic cell C after 
passing through the ground glass plate 
at D which transmits approximately 75 
percent of the incident light. The ob- 
ject of this plate is to diffuse the light 
so that the location of the sample will 
be less critical. The plate also serves 
to pick up light scattered by the sample 
and redirect it so that a portion of the 
light diffused by the sample reaches the 
photronic cell. At E is shown the filter 
holder which will hold two standard 
light filters. With proper selection of 
filters, the spectrum can be divided into 
its various colors, and the absorption 


be measured. Compartment F contains 
the current supply and controls for light 
source. Current generated by the pho- 
tronic cell is measured on a 0-50 mi- 
croammeter which is not built in with 
the rest of the instrument. 

Since the results obtained are com- 
parative and not absolute, it is neces- 
sary to use some surface as a standard 
to which others can be compared. A 
silver-back glass mirror serves satisfac- 
torily for this purpose. If it is desirable 
to compare one metal with another, fine 
silver with a finish similar to the test 
sample can be used as a _ standard 
substance. 

Several sets of measurements in which 
the samples were exposed to the at- 
mosphere have been completed. The 
results so far indicate that this instru- 
ment is much more sensitive than the 
eye to changes on a metallic surface. 
In measurements made with the filters, 
the results usually agree with what 
would be expected from a visual in- 
spection. For example, the tarnish film 
on one sample had a distinct yellow 
cast and the absorption was found to 
be 8 percent greater for white light 
than for yellow light. 

Curves, Fig. 2, obtained by use of this 
instrument, show changes in brightness 
resulting from exposure to air at room 
temperature of highly polished surfaces 
and dull surfaces on fine and coin silver 
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Fig. Schematic diagram of instrument for determining 


larnish rate of metal surfaces 
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Fig. 2 —-Tarnish rate of fine and coin silver samples, showing effects of 


two different surface finishings 















































Galvonometers—for years the “brains” of 
self-balancing potentiometers — have been 
replaced by a compact electronic unit in this 
new continuous balance potentiometer pyro- 
meter, designed by Brown Instrument Com- 
pany as the forerunner of a series of indus- 
trial instruments which will use the electronic 
balancing system. In the unit, unbalanced 
voltage of the measuring circuit is converted 
to alternating voltage, amplified, and used 
to drive a motor in the proper direction to 
balance the circuit and correct the instrument 
reading. Results: Instrument corrects itself 
instantly and continuously regardless of 
vibration or position. When temperature is 
stable there is no mechanical motion. Gal- 
vanometer inertia, pivot friction and com- 
plicated cyclic cam and lever mechanism are 
gone. Principle design problems were selec- 
tion and design of electrical and mechanical 
components for simplicity, long accurate life. 
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Measuring cirenit of balancing sys- 
tem consists of thermocouple and slide 





wire through which known current 
from dry cell is passed. When thermo-* 
couple voltage changes, an unbalanced , 
voltage appears across AA. Conversion 
stage of the system changes this d.c. 
unbalanced voltage into a.c. which then 
feeds into amplifier circuit. 

Converter is single pole, double 
throw switch actuated by a.c. ener- 
gizing coil so that it vibrates in syn- 
chronism with line voltage. Contacts 
mounted on vibrating reed throw un- 


eWVA AAAAAA 
V"VVVV¥ 


Converter 





_-Input transformer 




















reed 
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balanced voltage into alternate ends of 
transformer primary. This 60-cycle 





Slide wire 








control voltage is either in phase or 
180 deg. out of phase with line a.c., 
depending on polarity of unbalanced 
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voltage from measuring circuit. 

Voltage amplifier is conventional 
3-stage resistance-capacitance coupled 
circuit. It supplies greatly amplified 


amplifier. 


tween two 


When thermocouple circuit 


is unbalanced, phase relationship be- 


motor windings is deter- 









voltage of same wave shape as control 
voltage to grids of power tubes. Power 
amplifier is special circuit. 

Balancing motor is reversible, two 
phase induction type. One winding is 
energized continuously by line voltage; 
the other is energized by the power 
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mined by direction of unbalance, hence 
direction of motor is such as to correct 
slide wire resistance to balance the cir- 
cuit, at the same time correcting instru- 
ment reading and operating controls. 

When thermocouple circuit is_bal- 
anced, its voltage is zero and power 


amplifiers deliver only pulsating de 
to balancing winding of the molt 
This brakes the motor at true balane 
and prevents overtravel. Mechanict 
motion occurs only when correctiol = 
necessary. Maximum driving powe® 
obtained with unbalance of less the 
0.06 percent of scale span, or equ i 
lent to 0.000005 volt unbalance m™ 
thermocouple circuit. 
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~Pointer ho/der 


SwWwUung ASide 


Elements of instrument are de- 
signed as compact, interchangeable 
units mounted for easy access. Bal- 
ancing motor, chart motor, slide wire, 
terminal block, resistors and motor ca- 


Drive mechanism moves slide wire 
contactor, pen and pointer in unison 
and is simpler than levers and cams 
formerly required with galvanometer 
type instruments. Balancing motor 
drives hub mounted in needle bearings 
on back of chassis. Pointer shaft ex- 
tends frontward from this hub through 
center of chart drive shaft which is 
rotated by chart motor. Pen shaft turns 
in phosphor bronze bushing. 

Slide wire is driven by 9-strand 
stainless steel cables wrapped around 
pulley on hub. Cable passes over idler 
pulleys and is wrapped 314 times 
around drum on slide wire unit. Ends 
are secured to drum. Slide wire, 25 
in. long and with 1,700 convolutions, 
is bare Manganin wire, space-wound 
over Formex insulated wire core. Close 
control over production gives accurate 
linear resistance of the wire. Resist- 
ance of complete unit is standardized 
by adjusting number of turns in shunt- 
connected resistance wound in groove 
at top of ceramic form. Collector is 
bare nickel-copper wire space-wound 
over copper core and is helically wound 
alongside slide wire. Silver contactor 
rides between slide wire and collector 
wire and is driven around helical wind- 
ings by slotted arm. Contactor has 
sliding action on wires, but rolls as it 
moves up and down in slot. This wiping 
action keeps contactor clean, prevents 


uneven wear. (continued on next page) 
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Chassis 


§/atch 


Chassis 





pacitors are mounted on front of chas- 
sis, which swings out to give access to 
units mounted on back. Continuous 
balance electronic unit and dry cell 
are mounted inside back of case (not 


shown). Covers that are frequently 
taken off have screw slots so that screws 
need not be completely removed. At 
left is shown front of chassis; at right 
chassis is swung out to show back. 
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MODERN DESIGNS=Eleetronie Balaneer (continued) 
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(die-castaluminum; 
will probably be changed to zinc alloy) 
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Steel case, fabricated by spot-weld- 
ing, is dust and moisture proof, has 
sturdy reinforcing frame around front. 
Finish of case is black wrinkle enamel, 
chassis is light gray wrinkle finish. 


Chassis latch is unique. Twist of knob 
turns dog to right until it strikes posi- 
tioning pin behind lug which is spot- 
welded to case. Another twist pulls 
the chassis tight against the lug. 


ees, 


Pointer drive is designed to give accy. 
rate positioning free from back-lash 
and yet is designed so that the pointer 
can easily be released from the drive 
shaft and swung back out of the way, 


Designs of Plastic Rollers 


Aluminum tube, two cold rolled steel 
ferrules, and two porous bronze bush- 
ings are replaced by one laminated 
phenolic plastic tube in the redesign of 
rollers for Gilbert & Barker gasoline 
pumps. In the pump, the 34 in. syn- 
thetic rubber hose is looped around a 
weighted pulley inside the housing, and 
runs over seven rollers up to and at the 
point where the hose emerges from the 
housing. Roller sizes vary from 11% to 
6 in. long. Inner core (7s in. wall) is 
graphite-impregnated cloth laminations, 
over which are wound impregnated 
paper laminations. Tube is purchased in 
36 in. lengths and is cut off to specifica- 
tions. Plastic rollers will not stick to 
rubber even in hot weather, which was 
principal problem with metals other 
than aluminum. Design change saves 
30 in. of aluminum tubing and 14 bronze 
bushings per pump. 


Machine gun ammunition feeds to 
the guns from the magazine over these 
plastic rollers in the world’s fastest and 
most heavily armed dive bombers. Ma- 
terial is cellulose acetate butyrate 
(Tenite Il), selected for its ability to 
withstand strain of constant wear and 
hard blows. Each roller consists of 
molded tube and molded bearings which 
are pressed into tube ends up against 
molded-in shoulders. Rollers are molded 
by Columbus Plastic Products. Inc., for 
Curtiss-Wright Corporation. 

Other cellulose acetate and butyrate 
plastic parts in aircraft are control stick 
handles, instrument dials, dehydration 
tubes, electric light bomber 
visors and tank covers. 
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Two-Stage Brake Prevents Coasting of Film 
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Careful design of gears and bearings, and 
! 
| unique design of brake give this American 
| Bolex motion picture film winder its principal 
feature—precise and smooth operation. The 
units are used in pairs for winding 8 or 16 
| mm. film from one reel to another to facilitate 
bh | splicing and editing. All parts are designed for 
7 ai assembly into either right- or left-hand units. 
| Adjustable brake is designed to give correct 
es a 
tension control so that film can be rewound as 
* ACCU- fast as desired with no “free-wheeling” over- 
‘k-lash travel; both hands can be freed and the film 
"aa will stay tight. The unit was designed by White- 
ve rd 
pee: house Leather Products Company, who became 
interested in photographic equipment while 
making leather camera bellows. 
ete, 
Lip h L } 
Lip hs olds. cover _ Wood bushings a Brass 
\ [ pusher 
Washer / 
rotates ——--~ 
ted with shaft \ y 
om Brake nut--—--— \ ; Reel/” 
Se/f-tapping screw retainer 
holds bottorm.. 
of cover Se) 
5 ie Press fit----— 
| ad over knurled = 
cee F shaft end ~~Fibre brake washer 
7 & 
Die castin ; Phosphor 
Moly Black-—H-—-———-— til ‘bronze 
finish i |! brake spring 
/ - 








baN 
4 








/ Handle pin , 
Cast phenolic Aniurled 
handle and 
Spun over 


~N. Zine alloy 
“die-cast base. 
Moly Black finish 























Tension control consists of two- 
stage brake. For light tension, knurled 
nut is slightly tightened, moving the 
shaft and large gear. Side of gear 
Presses against brake spring, giving 
light braking action. As locking nut 
ls tightened further, gear is forced 
against fibre washer, giving strong brak- 
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ing action. The washer between knurled 
nut and housing is rotated with shaft 
by pin, and prevents knurled nut from 
loosening as handle turns. Assembly 
methods are simple, thorough. Wood 
bushings are pressed into die-cast base 
and are reamed for accuracy. Gears 
are pinned to shafts by small grooved 


pins. Die-cast handle arm is pressed 
on knurled end of drive shaft, produc- 
ing joint that is stronger than shank 
of arm. Handle pin is knurled, pressed 
into arm, and riveted over. Gear cover 


is fastened at one end by lip which fits 
into groove in die-casting; at other end 
by self-tapping screw. 
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steel shaft 


Steel Covers Save 100 Ib. Aluminum per Machine 


Twenty cast aluminum cover plates 
on Acme-Gridley bar automatic ma- 
chines made by National Acme Com- 
pany have been changed to 18-ga. sheet 
steel fabricated by spot welding. Alu- 
minum savings amount to over 100 lb. 
per machine and total around 15,000 
lb. per month. While stamped sheet 
steel covers are not new, design of these 
covers, some of which are complicated 
shapes, is unique. Rounded covers add 
to appearance, and automatic welding 
operations have reduced costs. Fitting 
is simplified because steel covers can be 
hammered to shape whereas aluminum 
castings had to be machined or ground. 
Contributing to low cost is a snap latch 
in place of multiple part rotating catch 
which was used on aluminum covers. 
Machine base with cover removed is 
shown at right; typical cover is illus- 
trated below. 


Die-cast washer 


ee 








Base is die-cast zinc 2|loy, with ql 
holes reamed for accuracy. Bearing 
are oilless wood bushings (Aves 
pressed into housing. Shafts are groun4 
to tolerance of 0.0005 Gears a 
zinc alloy die-castings. Brake CONSist; 
of phosphor bronze spring backed w 
by vulcanized fiber washer. Because ¢ 
materials shortages, next production gy. 
der will probably specify spring stee| 
in place of phosphor bronze. Hang & 
is attractive red cast phenolic plagi: [B 
shaped to keep fingers from slipping 
Handle arm is zinc alloy die-casting, x 
is the thick washer mounted behind the 
knurled nut on the handle shaft, Fig. 
ishes are Moly Black plating for th 
die-cast base and handle, and chromiyy 
plating for other metal parts. Gey 
cover is satin finished chromium plated 
Tradename letters are raised on bag 
Appearance of unit is attractive, with 
black, chromium, and red in well-bg. 
anced contrast. The winders can 
mounted in wood blocks to give addej 
height necessary for large reel sizes, 


~ 





























Cast Aluminum 
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searing, 

\rgut -eing of eloth requires uniform speed and 
grou, — Uniform dyeing difficul OTN f ch 
ars ap constant tension, often difhcult to maintain because ot chang- 


contigs ing roll diameters. In the dye jig of Duo Dyeing Machine 
ked : Company, where cloth receives dye treatments in two sepa- 
; rate compartments while being run back and forth from one 


alse ot ° ° ° ° . ° 
ction or roll to another, constant tension Is maintained by an ingeni- 
ng ste ous General Electric three-motor drive in which constant 


Handk horsepower characteristics are automatically regulated by 








plastic special secondary circuits. Motors are splash-proof, fan- 
lipping JF) cooled, induction type connected to rolls through flexible 
sting, a S couplings. Master reversing switch, tension selector switch, 
hind the | start and stop timing controls, and other elements of the 
aft. Fig. [Electrical circuits are encased in sturdy drip-proof housings 
for the | at motor end of jig. 

1romiun 

s. Cer 
hy j posal = il Ponte nip roll 
ve, with fe < --dhp. gear motor 
well-bal. 

can be 
ve added 
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Constant speed of about 80 yd. per 
min. is maintained by %4-hp. induction 
motor which drives nip rolls. Constant 
tension is provided by two other mo- 
tors, one to drive the winding roll, the 
other to brake the unwinding roll. 
These motors are duplicate induction 
dc. motors with wound rotors, and operate 
with constant horsepower characteristics 
so that braking and driving torques 
are proportional to roll diameters. 
Motor speeds vary from 85 percent of 
synchronous at smallest roll diameter 
Winding Single Braking to 20 percent at greatest diameter. ' 
Motor phase Motor Special circuit connected through slip 
a.c.—-7 rings to rotor of winding motor com- 
NOTE: When direction selector is switched over, wma pees, mene enigien yonelineel 
motors 1 and 3 interchange connections and functions pacitance which determine rotor current 
according to voltage and slip frequency, 
_--Capacitance effect in turn determined by rotor speed. 
These electrical components are bal- 
“Diameter anced so as to affect speed-torque curve 
of roll of the motor as shown in curve A. Un- 
nearly full winding motor is converted into mag- 
netic brake by short-circuiting collector 
\ rings and feeding d.c. from copper- 
oxide rectifier into field windings. 
al Horsepower characteristics are essen- 
B tially constant, as shown in curve B. 
Direction selector switch interchanges 
Constant hp connections for winding and unwind- 
curve ing motors, thereby interchanging their 
/ functions and direction. The switch 
i | = ae also reverses direction of nip roll drive 
| t T 1 4 2 
| 0 85 100 0 85 100 motor. Time delay relays provide proper 


Synchronous Speed, Percent Synchronous Speed, Percent sequence of operations in starting and 
y stopping the dyeing roll motors. 
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MODERN DESIGNS - Plastic Strip Held by Staples 





Two problems had to be solved be- 
fore extruded cellulose acetate end rails 
could successfully be used in place of 
extruded aluminum in this divider for 
ViSIrecord equipment manufactured by 
Visible Index Corporation. Previously 
aluminum strips of same shape were 
crimped over edges of Masonite divider. 
First problem was to cut off plastics 








with neatly rounded ends from 8 ft. 
lengths, solved by special design of cut- 
off knives which simultaneously trim 
end of stock and end of piece being 
cut off. Similarly, development of spe- 
cial wire stapling head was necessary 
to obtain neat staples, which lie flush 
with the surface and penetrate halfway 
through the opposite leg of the extruded 
















Transparent A 
vinyl acetate lA) rounded 
0.020 in. Thick. p by cut-off 
y 2] Shear 
<-Ex?ruded 
ce/lulose 
acetate 
SO ocoe edd --Flat wire 
sheet steel, Staple 
cemented 
in rabbet- 
\Masonite 
Ke6 in. thick 








strip. Different widths of end rails. 
ranging from 0.14 to 0.28 in., are re. 
quired to accommodate varying thick. 
nesses of “build-up” of cards filed be. 
tween dividers. Weight of end rails 
is reduced one-half. Unexpected ad. 
vantage of plastics was reduced noise 
caused by dividers being slapped to. 
gether by fast-working file clerks. 











0625 approx. 
total thickness -- 
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Section A-A 
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Large, thin-babbitt, steel-backed bearings are being 
designed by General Electric Company to replace thick- 
dovetailed cast babbitt bearings on large machinery. Typical 
is 84% in. dia. elliptical bearing used on high speed turbines. 
Babbitt lining, centrifugally cast with strong bond to tinned 
surfaces of steel liner, is x in. thick. This is more than 
is ordinarily required, but in this case thickness is deter- 
mined as the minimum required to prevent scoring of the 
shaft should the bearing wipe out and let the shaft ride 
on the packing. If this should happen, the packing will call 
attention to the bearing failure before the blades are dam- 
aged or the shaft is scored. In smaller bearings General 
Electric is saving tin by switching from high-tin babbitts to 
alloys with tin content of around 1 percent. Typical bearing 
alloy is: antimony 14-15%, tin 1%, arsenic 1%. copper 
0.25%, balance lead. 
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Brass 
water tubes 





Copper 
fhe 


While structurally feasible, jt is usually unsatis- 
factory to replace copper fins of radiators with brass in 
order to save some copper. Thermal conductivity of brass 
is so much lower than that of copper that increased thick- 
ness needed for the fins would result in use of more copper 
than pure copper fins would require. A radiator using steel 
fins and brass tubes would also require thicker steel fins 
and consequently a deeper radiator because the remaining 
air flow passages between the fins are decreased. The total 
increase in weight would be between 25 and 30 percent. An 
all-steel radiator’ would require kerosene as a coolant in 
order to prevent rusting. The lower specific heat of kero- 
sene would make still more tubes necessary and increase the 
total weight by another 25 to 30 percent. Both types have 
been tried by. the automotive industry and will work, but 
are regarded as last-ditch possibilities. 
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INDUCTION HEATING 


For Hardening, Annealing, Brazing and Forging 


HEN A PIECE of metal is 

placed in the magnetic field 

produced by a high frequency 
electric current, hysteresis and the eddy 
currents generated in the metal produce 
heat. The rate of heat generation is 
roughly proportional to the frequency 
of the current and the wattage per unit 
of surface area of the power used as 
well as the proximity of the inductor to 
the surface. Frequencies from 2,000 to 
10,000 cycles and upward of 100,000 
cycles are being used extensively. An 
inherent characteristic of this phenome- 
non is that the currents induced in the 
metal are concentrated in a thin layer 
at the surface. The higher the fre- 
quency, other things being equal, the 
shallower will be the depth of heating. 

The induction heater consists of some 
form of frequency changer, usually a 
motor generator set. For highest fre- 
quencies, such as of the order of 100,000 
cycles, oscillating tubes are used. The 
equipment includes full automatic con- 
trols to regulate the heating cycle and 
all other operations of the machine. 

In the equipment for surface harden- 
ing, the coil or inductor through which 
the current flows to set up the magnetic 
field may be one turn or several turns 
of copper tubing. The length and diam- 
eter of the inductor is made to suit the 





Inductor to set up magnetic 


treld at desired area / 
Quench medium inlet--7 
oe Dt 
Orifices for pressure / |! Port to be 


>t of heated / / locally Sur- 


’ face hardened 












/ ! 

Area inductively High frequency 
heated by hysteresis magnetic 
and eddy currents field 








Fig. 1—Diagram of an inductor block and 
magnetic field while heating a bar 
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TYPICAL APPLICATIONS OF INDUCTION HEATING 





Bearing surfaces 
Worms for worm gears 
Rocker arm shafts 


Gear teeth 
Sprocket teeth 
Jaw clutches 


Valve stems 


Tappets roller or ball races, 
Splines 


Surfaces that serve as 


as for needle bearings 


OTHER APPLICATIONS 





1. Brazing. Because of the rapidity of heating, oxidation is negligible and a con- 
trolled atmosphere is not required. An inherent characteristic of the induction heating 
process is that heat-treated parts can be brazed into assemblies without affecting 
physical properties obtained in prior heat-treatment. 


2. 


Annealing and heat-treating of welds in assembled structures. Portable equipment 


is available, specially designed for this purpose. 


3. 


advantage because die life is increased. 


Heating for forging operations. Absence of scale or heavy oxides is a distinct 





diameter and length of surface to be 
hardened, as shown in Fig. 1. When 
the surface to be hardened has reached 
the required temperature, quenching 
water is squirted through the inductor 
on the hot surface, thus producing the 
desired hardness. The quenching chan- 
nel is an integral part of the inductor. 


DerptH oF HARDENED Case — Other 
things being equal, the higher the fre- 
quency the less will be the depth of 
hardness. Usually a depth of 3/32 in. 
is desirable for parts up to 2 in. or 3 in. 
dia., and up to 4 in. case for larger 
diameters. The thinner the case the 
more the power required. 

Power ReQuirep—Other things being 
equal, the amperes per sq.in. of surface 
is a constant. The larger the diameter 
of the piece, the greater the voltage 
required. 


Size Limitrations—Today it is commer- 
cially practical by induction heating to 
harden bearings up to 12 in. in diameter 
with no limit on width since a progres- 
sive heating and quenching technique is 
employed. For larger diameters flame 
hardening may be more economical for 
low production items. However, there 
is no definite limit to the diameter of 
gear or chain wheel that is to have its 
teeth hardened. The teeth are heated 
and quenched one at a time and the 
gear is indexed automatically to the 
next tooth. 

Frequencies of several hundred thou- 
sand cycles are available for surface 


hardening of small diameters. It would 
require a frequency of many hundred 
thousand cycles to confine the heat to 
the surface of a %-in. dia. wire. For 
surface hardening 4-in. dia. wire would 
require a frequency of several hundred 
thousand cycles; a 14-in. dia. bar would 
require approximately 10,000 cycles; 
and a bar of 1 in. dia. about 2.000 cycles 
minimum. 


ADVANTAGES OF HARDENING BY INDUC- 
TION Heatinc—Because the heating 
cycle is extremely short, less than a 
second for some small pieces, there is 
practically no oxidizing of the surface. 
The area hardened can be localized as 
desired. The thickness of case is defi- 
nitely controllable by automatic means. 
All the pieces hardened are uniform to 
an extremely high degree, unattainable 
by furnace heating. Skilled operators 
are not required. 


Design PrecauTIoNs—The usual pre- 
cautions that apply in the design are 
the same as those which apply for any 
hardened part. An advantage of induc- 
tion heating hardening is that because 
of the inherent characteristics of the 
process, corners such as at the roots of 
splines and at the base of collars or 
shoulders, do not get hot enough to 
harden thus assuring soft tough mate- 
rial where needed. 

Because the hardening effects can be 
localized as desired, the designer can 
take liberties that are not permissible 
in furnace hardening. 
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WELDED STRAP ENDS 


Simplified Design for Brake and Clutch Bands 


OMPARED WITH the problems 
involved in the design of many 
large welded structures such as 

bases, frames, booms and dippers for 
electric shovels, the design of welded 
strap ends for brake and clutch bands 
entails little difficulty. Yet an analysis 
of the design of these simple parts pre- 
sents a characteristic example of how 
welding can be utilized to advantage in 
the fabrication of many products. 

Whether the welded structure be large 
or small, the design procedure is about 
the same. Each unit part is first studied 
to determine what deformation may take 
place under expected service loads, after 
which the welded joints are propor- 
tioned to obtain sufficient strength to 
carry the deforming forces. Economy 
in material, of course, is obtained by 
making every pound of material in the 
part carry a maximum safe load. 

The particular example chosen for 
analysis in this article is a strap end 
for an 8 by vs in. brake band. In the 
original design the strap end was a steel 
casting, as shown in Fig. 1, which was 
fastened to the band by riveting. When 
judged on the basis of performance the 
part was entirely satisfactory, however, 
it was thought a welded design offered 
certain economies. 

From a perfect riveted strap end 
which with counterbalancing members 
weighed 82.3 lb. that cost $11.35, a 
welded design weighing 14 lb., that cost 
$3.15 was finally arrived at. 

This strap end, shown in Fig. 1, was 
designed to take the full load that could 
be transmitted by a 8xy¥s-in. brake band, 
based on a tensile stress of 20,000 lb. 
per sq.in. and a shear stress of 12,000 
lb. per sq.in. in band and strap, and 
10,000 lb. per sq. in. shear stress for 
the rivets. 


Net section of the band at section B-B is 

(8 — 13/16) X 5/16 = 73/16 X 5/16 = 
2.25 sq. in. 

Total tensile strength of band is 
20,000 X 2.25 = 45,000 lb. 

Shear area of 8 — 3/4 in. rivets is 
8 X 0.5185 = 4.150 sq. in. 

Total strength of rivets in shear = 
41,500 Ib. 

Section 3 1/4 in. back of center line of the 
pin hole is 2 1/2 in. wide X 4 1/8 in. 
deep. Area = 10.26 sq. in. 


2.5 X 4.125° 
6 


Section modulus = = 7.04 
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Center of gravity, the arm for a bending 
moment of this section is 2 7/32 in. outside 
of the center line of the band is 
45,000 X 2 7/32 = 100,000 in. lb. 

The fibre stresses in this section are 

; , 45,000 _ 
F, (direct tension alone) = 70.26 = 
4,380 Ib. per sq. in. 
F, (for bending alone) = 
45,000 X 2 7/32 
7.04 


Maximum combined tensile fibre stresses, 
F = 18,580 lb. per sq. in. 


Because of stress concentration at A, the 
inner bend line, this tensile stress will be 
slightly increased. 





= 14,200 lb. per sq. in. 


Area of strap end at center of pin hole is 
(2 X 27/8 — 3 1/8) 2.5 = 2 5/8 X 
2.5 = 6.56 sq. in. 
* With an allowable tensile stress of 18,000 
Ib. per sq. in., the minimum of area strap end 
at center of pin hole would be 


45,000 
18,000 





= 2.5 sq. in. 


Therefore, the design indicates a safe 
construction about the pin hole. 
Bearing pressure on pin is 


__ 45,000 _ 
3.125 X 2.5 
which may be considered quite safe. 


= 5,740 lb. per sq. in. 


These calculations show a well bal- 


anced design with little waste of ma. 
terial and sufficiently strong through all 
sections. 

The first design for a welded strap 
end is shown in Fig. 2. It looked rather 
good but failed at A, breaking at the 
end of the band, 4 inches back from 
center of pin hole. In this design jt 
was assumed that a \4-in. weld is good 
for 2,500 lb. per lineal inch. Total 
minimum length of weld required 
should be 


45,000 
2,500 
Actual length of weld is 
2 X (8 + 2.5) = 21 in. which is safe. 
Area of section of strap end where the 
break occurred 
= 21/2 X 4 = 10 sq. in. 
Section modulus = nox = 6.66 
Center of gravity of this section is 2 5/32 
in. outside of the center line of the band caus- 
ing a bending moment equal to 
45,000 X 2.156 = 97,200 in. lb. 
45 ,000 


F, (direct tension alone = — 


= 18 in. 


4,500 lb. per sq. in. 
97 ,300 
- ding al = ——— = 
F, (bending alone) 6 66 


14,650 lb. per sq. in. 
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Fig. 1—Original strap end, a steel casting fastened to brake band by riveting 
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aximum combined tensile fibre stress, 
F = 19,150 lb. per sq. in. 

This strap end broke because of stress 
concentration which was greater than 
anticipated. 

The design shown in Fig. 3 is an im- 
provement over that shown in Fig. 2, 
but it failed because of misplacement 
of two 3z-in. rivet holes which happened 
to be in line A-A as shown. 

Assuming the strength of this band 
to be 45,000 pounds as before. Using 
¥, in, weld, required length of weld is 
18 in. at 2,500 Ib. strength per lineal 
inch. The actual length of weld, how- 
ever, was 24 in., which was well on the 
safe side. 


Area of section of strap end 5 1/2 in. back 
of center of pin hole is 3 3/4 K 21/2 = 
9.37 sq. in. 

2.5 X 3.78" 
6 
Center of gravity of this section is 7/8 in. 
outside of center line of band causing a 

bending moment of 

45,000 X 7/8 = 39,300 in. lb. 
45,000 _ 
37 


Section modulus = = 5.87 


F, (direct tension alone) = 





© 


4,800 lb. per sq. in. 


S 


39,3 
.87 





F, (bending alone) = 
6,700 lb. per sq. in. 


Maximum combined tensile fibre stress 
F equals 11,500 lb. per sq. in., which 
is safe. 


or 


Strap end, shown in Fig. 3, was de- 
signed to take gradually the band load 
with a minimum of stress concentra- 
tion. The band was coped back 4 in. 
and welded to strap end on both sides. 
The heel of the strap end at a distance 
of 2% in. overlapped a full section of 


the brake band. The placement of two 
rivet holes with stress concentration in 
direct line with the cross weld caused 
the failure. 

In Fig. 4 is shown the successful 
strap end. It is almost a duplication 
of the strap shown in Fig. 3, except for 
a more tapering tail end and that the 
rivet holes for the brake lining are in 
proper relation to the strap end, thereby 
preventing stress concentration at a 
point where stiffness is introduced by 
the added strap section. 

The contemplated iceal design of a 
strap end, is shown in Fig. 5, in which 
all sections are balanced for strength 
with a concentric load condition. The 
views in Fig. 5 show in a simple way 
the principles of strain concentration. 


Fig. 5(A) illustrates why protruding 
corners like those at a, b and c should 
be avoided. At first glance it may appear 
that these corners do no harm and that 
coping increases cost, however, on fur- 
ther thought it is obvious that such 
corners do harm the structure and that 
they are likely to cause excessive stress 
in the weld at d and start a crack. For 
just as a dent in a bar or shaft, or an 
inside sharp corher in a part, causes 
load concentration, so protruding cor- 
ners cause bad concentrations of stress. 
When the band and strap end elongate 
under load, the triangular area a-b-c 
assumes a shape similar to a-b-c,. To 
deform this corner, a certain amount of 
stress must be developed in this triangle 
with the result that unequal deforma- 












































Fig. 2—First design of welded strap end failed at “A” at end of band 
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Fig. 3—Failure of this design was attributed to stress con- 
centrations produced by rivet holes in line with weld 
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Fig. 4—A successful design which is almost a duplication of 
that shown in Fig. 3 except for position of rivet holes 
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Fig. 5—Ideal design of a strap end in which all sections are balanced for strength 


tion takes place at d where failure may 
occur. If the corner is removed, there 
is less strain at d and a more uniform 
flow of stress takes place as shown in 
the assembly view. In this design the 
material around the hole is also better 
proportioned. 

The strap end shown in Fig. 5 is 
welded to an 8x in. band which has 
its section reduced by two #2 in, rivet 
holes, so that the next cross section area 
is 2.33 square inches. 

With allowable tensile force equal to 
20,000 Ib. per sq. in. the allowable load on 


this band is 
20,000 X 2.33 = 46,600 lb. 


Maximum shear between band and strap 
end equals 6,000 Ib. per sq. in. 


Minimum length of slot in band required is 
46 ,600 

2 X 6,000 

Actual length equals 4 7/8 in. 


Maximum allowable load per lineal in. of 
1/4 in. weld equals 2,500 Ib. 


= 3.88 in. 


Required length of weld is 
46,600 _ : 


Actual length of weld is 
4X 47/8+2xX11/4= 191/24+ 21/2 = 
22 in. 

Load per lineal inch is 46,600/22 or 
2,120 Ib. 


To allow for stress concentration the sec- 
tion of strap end at end of band should be 60 
percent larger than band proper, therefore, 
the required area is 

2.33 X 1.6 = 3.73 sq. in. 

Actual area = 2 X 21/2 = 5sq. in., which 
is very safe. 

Cross-section through the eye at center of 
hole, which should be 40 percent greater than 
band area, is 2.33 X 1.4 = 3.26 sq. in. 

Required outside diameter is 

ae 3.125 = 4.435 in. 
Actual diameter is 4.625 in. 


Following good designing practice. 
the back section of the eye at Y has 
been increased 3 in. in thickness above 
the cross section, from 34 in. to 14% in. 
Thus this strap end has fully complied 
with good designing practice with no 
overload at any point and a minimum 
of concentrated secondary stresses. 

Manufacturing costs for these five de- 





signs of strap ends are given in Table] 
The welded strap ends may he made of 
cast steel or rolled steel, but because 
of the difference in cost rolled stee] js 
generally used. 

To increase further the strength 9 
the strap end it should be cut an 
burned from 24-in. thick bar, and the 
longitudinal line of the strap should be 
parallel with the rolled fiber in the bar; 
under no condition should it be cy 
crosswise. Because rolled steel jg 
stronger along the grain than it is crogs. 
wise. This applies to rolled plates, of 
course, as well as all other rolled see. 
tions, therefore, the shop should be 
warned not to cut material crosswise 
if the part is to be subjected to large 
tensile forces. This is best done by 
making a cut diagram on the shop 
drawings. 

Fillet welds along the sides of the 
strap longitudinal with the band are 
dependable even if all along this weld 
there should be an open space between 
strap and band at the center part of 
the band section, but under no condi- 
tion should open spaces in the weld be 
allowed crossways the section. Such 
welds must be solid. 

Designs shown in Figs. 6, 7 and 8 are 
three common, simple strap ends used 
on brakes and clutch bands. Strap end 
in Fig. 6 consists of a square or a round 
bar B welded to a hub C made either of 
a pipe spacer, or a round bar drilled 
for the pin, connected by welding to 
the band A. The proportions of the 
different parts should be in relation to 
the elastic limit of the material used. 
Should all the parts be of mild steel. 
which is well fitted for welding and of 
desired toughness, it is advisable to 
make the ratio of the different areas 
such that the areas of A, B and C are 
to each other as 1 to 1.20 to 1.40. For 
example, if t times w equals 1, area B 
should be 1.20 and D minus d times 6 
should be 1.40 square inches. 

Strap end shown in Fig. 7 is a flat bar 
burned out to shape, drilled for pin, 
then welded to band at one end. The 
net areas of the main sections should be 
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Figs. 6, 7 and 8—Three common designs for strap ends used on brake and clutch bands 


264. 


Propuct ENGINEERING 


desig! 

Bot 
that | 
taper 
ing t 
of sec 
light 1 


course 
holes 
which 
The 
made 
itself 
weldin 
tricity 


a stra 
shown 
be pla 
tain a 
load a 

Desi 
wide | 
and d 
when | 
ends : 
streng! 
bend u 
thus fe 


Patter 


Rough 
Mater 
"Finish 
Grindi 
La ou 

. 
Rivets, 


Rivetin 
Coping 


Weldin 
Weldin 
Reamir 


ger 
Acetyle 
*Additic 
stra; 
Total f 
Credit. 
Total co 
overhe 


Weight | 


oaly the the 


dle I, 
le of 
lise 


el is 


h of 
and 
1 the 
ld be 
bar; 
> Cut 
1 is 
TOSS. 
8, of 
| sec. 
d be 
SWise 
large 
e by 
shop 


f the 
1 are 
weld 
tween 
rt of 
ondi- 
Id be 
Such 


8 are 
used 
p end 
round 
her of 
riled 
ng to 
f the 
ion to 
used, 
steel. 
nd of 
le to 
areas 
C are 
). For 
rea B 
mes b 


at bar 
r pin, 


The 
ild be 


a 


ERING 


in same ratios as those for the preceding 
— the design shown in Fig. 6 and 
that shown in Fig. 7 have gradually 
tapering overlapping ends, thus avoid- 
ing too abrupt increases or decreases 
of sections. It also may be well to use 
light welding to prevent too much heat. 
In making strength calculations, of 
course, deduction should be made for 
holes in the band to receive the rivets 
which hold the lining. 

The strap end shown in Fig. 8 is 
made by bending the band back upon 
itself and then welding. Notice how the 
welding is balanced to avoid eccen- 
tricity of stress distribution. 

A design that uses two bars to form 
a strap end of forked construction is 
shown in Fig. 9. The two bars should 
be placed as indicated, in order to ob- 
tain a nearly uniform distribution of 
load across the band. 

Design shown in Fig. 10 is for a 
wide band. Uneven contact of lining 
and drum surface is likely to occur 
when the parts are heated if the strap 
ends are not properly attached. For 
strength and stiffness, it is advisable to 
bend up the ends of the band as shown, 
thus forming a light cross beam which 


is able to take care of the pull in the 
outer edges of the band. With this con- 
struction the strain over the cross-sec- 
tion of the band is more uniform. Also, 
the strap ends pull straight and tangen- 
tial to the circular friction surface. 

Whether for brakes on automobiles, 
tractors, hoist machinery or what not, 
ordinarily the lining is riveted by brass 
or copper rivets to the steel band, and 
with each rivet a washer of similar ma- 
terial is used. Savings can be made in 
material, labor and life added to some 
types of lining which can be baked to 
the steel brake or clutch bands, thus 
omitting riveting. After cement is ap- 
plied on the contacting steel and lining 
surfaces the parts are assembled with 
clamps and the cemented joint is baked 
at a temperature of approximately 380 
deg. F. Electrically or gas heated ovens 
may be used for baking. To offset the 
expense of the equipment required, 
time and material savings will result 
such as: 

A. A strip of steel in every brake and 
clutch band having a volume equal to 
the “thickness of the band times the 
reduction of rivet holes across the band 
times the full length of the band.” This 
saving amounts to tons of steel now 


Table I—Comparative Data on Strap End Designs 











wasted, adding dead weight where not 
wanted; 

B. Copper and other metals used in 
rivets and washers; 

C. It is claimed that the baked lin- 
ing can be worn almost down to the 
steel band, thus saving at least 1 of 
the lining; 

D. All labor for marking up, drilling, 
setting up and riveting; 

E. Less work on relining; 

F. Also saving of scorched clutch and 
brake housings. 

In concluding, the author feels that 
too much cannot be said on the subject 
of the elimination of areas of strain 
concentration and stress increases of 








Riveted Welded 
Fig.1 | Fig.2 | Fig.3 | Fig. 4 | Fig. 5 
ee Not None None None None 
included 
Rough weight, Ib.................... 47 52% 51 58 27 
Material and burning................ Cast | Rolled | Rolled | Rolled | Rolled 
Steel Steel Steel Steel Steel 
‘Finished weight, Ib.................. 45 29 29 2934 14 
EERE FR . Fee, re oie 
eo: OE NEN, Fe! SN Seen 
Rivets, in... ......................,| 784x256] None | None | None | ‘None 
pam 134x3% 
NN as ivnksewanndasssiegdlh eueews None | None None None 
ETT e PaVant: 2 ae [ee Rae 
Deiling SSR: None None None None 
ae asin aons-vaien seeuni Ee eae Pe ie 
ities as paesassakiowanie It hac I abd diva TE cee balan Mai easees 
NE nner: So elk: Tn. Aen Lee, seen 
Eater k sists bici ares «pa eusiofastine SS — a Fao. eee Fen 
ini tn asin sins emit ance tl RS RAO Cpe Lire 
Additional counterweight to balance 
stra end, Gh ik oo:aa-s 50 cated at.0 24 24 2414 0 
Total finished weight, Ib............. 82.3 53.0 53 54 14 
t for scrap iron, Ib.............. 2 23% 22 2814 13 
Total cost incl. material, labor, current, 
overhead, etc., but no pattern cost...| $11.35 | ...... |] ...... $5.74 $3.15 
Weight Ratio, percent................ 587.0 | 379.0 | 379.0 | 385.0 100 
Cost Ratio, percent..............005. Nk RR reer 182.5 100 























‘Weights indicated here are added to obtain the total finished weight required to make 
Up a perfect working strap end and a well balanced clutch. 


ine: Cost figures vary for every shop, and for this reason no detail cost is given, 
nly the final, actual cost which should be relatively right for all shops. 
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Figs. 9 and 10—Welded strap ends of 
the fork or clevis type 


high magnitude at points where a mem- 
ber with low fibre stress and no de- 
formation connects to a highly stressed 
member with large deformation. Under 
shock loads, this condition may cause 
failure in a seemingly safe design. 
Also, when weight is saved on one 
part it may also have effect on other 
parts by saving more weight, just as the 
light strap end reduces the needed 
weight for balance, thus causing less 
vibration and making other conditions 
still better throughout the machine. 


[Eprror’s NotE—Data and illustrations 
for this article were taken from a study 
submitted by the author to the James F. 
Lincoln Arce Welding Foundation. | 
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SELENIUM RECTIFIERS — Il 


Characteristics, Applications and 


CAROLE A. CLARKE 


Design Factors 


International Telephone & Radio Manufacturing Corporation 


ELENIUM rectifier plates inher- a.c. operation because there is no si- 
ently do not require cooling fins multaneous heating due to reverse cur- 
because of adequate cooling sur- rent and the form factor is unity. The 
face. However, such fins are often used maximum permissible d.c. reverse po- 
to extend the current capacity of the tential is less than the r.m.s. a.c. values. 
largest size of plate as well as to obtain With fan cooling at an air velocity 
current values intermediate between the of 55 ft. per min. Type 7, for example, 
normal ratings of smaller plates. gives 150 percent of the convection 
Basic types of selenium rectifiers and cooled current ratings listed in Table I. 
their ratings are listed in Table I. The If the air velocity is increased to 90 ft. 
normal full load output current in am- per min. the ratings are twice the values 
peres is given for each type on the basis in the table and at 120 ft. per min. 214 
of one plate (or several in series) in times the listed values. 
each branch of the listed rectifier cir- In oil at 35 deg. C., the Type 4 
cuits. Output currents can be increased selenium rectifier gives 167 percent of 
by the connection of plates in parallel. the currents indicated in the table. 
Plate reverse voltages, outside diam- Along with unusual stability of op- 
eters and d.c. valve ratings are included erating characteristics, the good voltage 
in the table. The forward currents per- regulation of the selenium rectifier re- 
missible for d.c. valve use are higher sults from its low forward resistance. 
than the equivalent half wave rating for Regulation from no load to full load 


for a single-phase bridge rectifier with 
a resistive load is of the order of } 
percent. The addition of fins, or wide 
spacing, for obtaining increased curren, 
density may increase this value by 
about 5 percent; with highly interm}. 
tent use a further increase may occy 
if too small a rectifier is selected. The 
largest portion of the voltage chang 
occurs from zero output current to som 
small value of current of the order of 
20 percent of full load. From there o 
the voltage change is almost linear anj 
the regulation from, say, half load tp 
full load, is only about 6 percent. Th 
use of a small additional load or bleeder 
resistance improves the regulation by 
preventing the output current from de. 
creasing to zero. 

Where close regulation is essential 
various regulating devices may be em. 


Table I—Sizes and Current Capacity of Selenium Rectifiers 







































































*Max. Continuous D.C. Amperes for One Plate Per Max. Continuous 
Arm at 35 Deg. C. Ambient, Inductive or D.C. Rating as Valve 
Max. Resistive Load at 35 Deg. C. Ambient 
R. M.S. Max. Us 
Type | Diameter | A.C. Volts No. of Plate 
No. In. Reverse Single-Phase Three-Phase Plates ng 
Per Amperes | Blocking | Per Stack} ~ ” 
Plate Amperes | Voltage 
Half : Center Half : Center 
Wave Bridge Tap Wave Bridge Tap 
1 34 18 0.040 0.075 0.075 0.100 0.110 0.130 0.06 15 36 l 
y 1 18 0.075 0.150 0.150 0.200 0.225 0.270 0.12 15 36 2 
20 1 18 0.11 0.22 0.22 0.29 0.33 0.4 0.17 15 28 2 
2 13¢ 18 0.15 0.30 0.30 0.40 0.45 0.50 0.23 15 36 3 
pA | 36 18 0.23 0.45 0.45 0.6 0.67 0.82 0.34 15 28 3 
4 134 18 0.30 0.60 0.60 0.80 0.90 ce | 0.45 15 40 4 
10 134 18 0.39 0.78 0.78 1.0 ».3 1.4 0.58 15 28 4 
9 25% 18 0.58 2.2 | LS i er ae | 0.87 15 28 4 
LS 25% 18 0.60 LZ - 1.6 1.8 acm 0.90 15 40 3 
hl 25% 18 0.78 1.6 1.6 2.1 > 2.8 1.2 15 28 9 
12 33% 18 0.90 1.8 1.8 2.4 ried 3.0 1.4 15 28 d 
13 43 18 L.A 2.2 2.2 2.9 3.3 4.0 oo 15 28 Q 
6 334 16 2 2.4 2.4 3.2 3.6 4.5 1.8 12 40 6 
14 334 16 1.5 3.1 3.1 4.1 4.6 5.8 2.4 12 28 6 
15 43 16 1.8 3.5 3.5 4.6 5.2 6.5 2.7 12 28 6 
16 436 16 1.9 3.8 3.8 5.0 5.6 7.0 2.9 12 24 6 
17 6” sq 16 2.7 5.4 5.4 7.2 8.1 10.0 4.1 12 28 6 
2 43% 14 2.0 4.0 4.0 5.3 6.0 7.5 3.1 12 40 7 
18 434 14 2.6 3.2 oe 6.9 7.8 9.7 4.0 12 28 S 
19 6” sq. 14 o.¢ 7.4 7.4 9.8 iit 13.3 oe 12 28 3 
8 8” sq. 14 5.0 10.0 10.0 13.0 15.0 18.0 1.3 iz 28 . 









































* These ratings do not apply to battery charging or condenser loads. 
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Fig. 10—Basic characteristics of rectifier circuits 


ployed, such as the saturable core re- 
actor type of regulating rectifier which 
is widely used for telephone central 
ofice power supply. A tapped or con- 
tinuously variable transformer may be 
used when compensation for line volt- 
age fluctuations is desired or variation 
required in output voltage. 

In order to take into account the 
various form factors which differ con- 
siderably with various types of load and 
rectifier arrangements, the efficiency of 
the selenium rectifier is considered to 
be its volt-ampere efficiency, obtained 
by a wattmeter measurement of input 
and a moving-coil voltmeter and am- 
meter measurement of output. Such 
measurements show the rectifier eff- 
ciency between 65 and 85 percent, de- 
pending on the nature of the circuit 
and the load. These efficiencies apply 
to convection cooled rectifiers without 
cooling fins and operation at maximum 
voltage. The high efficiency is main- 
tamed with remarkable uniformity 
from about 20 to 150 percent of full 
load. The selenium rectifier differs in 
this respect from most electrical equip- 
ment which normally reaches maximum 
ficiency only in the neighborhood of 
full-load current. Efficiency of the rec- 
tier, however, is dependent on the 
operating voltage per plate. The aim of 
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the designer is, therefore, to provide 
an adequate but not excessive number 
of plates for each specific application. 

In comparison with tube rectifying 
equipment, the selenium rectifier is 
usually found to have a higher efficiency 
for outputs of any current at voltages 
up to about 80 to 120 volts. Tube equip- 
ment ordinarily has a constant internal 
drop of about 15 volts, regardless of 
output voltage, whereas the total in- 
ternal drop of a selenium rectifier must 
rise as its voltage and hence the re- 
quired number of plates is increased. 
Furthermore, tube efficiency is lowered 
by the filament or heater losses. The 
efficiency of the selenium rectifier, 
therefore, is higher in the range within 
which the loss due to its internal drop 
is less than the total losses of the tube 
rectifier. 

Rotating machinery, such as_ the 
motor generator, compared with the 
selenium rectifier, is about equally eff- 
cient at full load but its efficiency 
drops off rapidly as the load deviates 
from full load. 

Choice of circuit schemes ordinarily 
may be left to the rectifier designer. 
Under certain conditions advantage 
should be taken of the fact that three- 
phase circuits have a smaller ripple 
then single-phase rectifier circuits and 


their higher frequency is easier to filter. 
Inasmuch as the utility factors for 
three-phase as compared with single- 
phase circuits are more favorable, the 
resultant three-phase rectifiers are 
smaller and less expensive. 

In Fig. 10 are listed the basic char- 
acteristics of the six most common rec- 
tifier circuits. The single-phase half 
wave circuit is ordinarily not eco- 
nomical except for low voltage and 
current output since only half of the 
cycle is utilized. The use of a condenser 
across the load maintains some current 
flow during the half-cycle which is sup- 
pressed by the rectifier. Rectifier re- 
verse current flows through the load. 

The single-phase full wave bridge 
arrangement is perhaps most widely 
used. The ripple voltage has twice the 
frequency of the a.c. supply and the 
rectifier back current does not flow 
through the load. 

The single-phase full wave center tap 
arrangement provides the same _ per- 
formance as the bridge circuit but is 
only half as large. It is. applicable to 
output voltages of the order of 6 volts 
or less and requires a center tapped 
transformer. For higher output voltages 
the number of plates required will be 
the same as for the bridge connection 
and it is then more economical to use 
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the latter circuit since it does not 
require a center tapped transformer. 

The three-phase half wave circuit 
differs from the corresponding single- 
phase arrangement in that current flows 
through the load throughout the entire 
cycle due to overlapping of the output 
from the three phases. 

The three-phase bridge circuit is one 
of the most useful for large power out- 
puts; it has the highest efficiency and 
the lowest ripple voltage. 

The three-phase center tap circuit is 
similar in connection to the single- 
phase equivalent. It offers the same 
performance as the three-phase bridge 
connection but has a lower voltage and 
higher current output per plate. 

In Fig. 11 are given the approximate 
current factors in these rectifier cir- 
cuits, especially useful in the deter- 
mination of wire and bus bar sizes. 

In order to design a rectifier for a 
specific application, an outline of the 
limiting conditions is required. A cir- 
cuit schematic including constituent 
electrical constants conveys the clearest 
definition of the operating requirements 
and frequently enables the designer to 
suggest alternate arrangements war- 
ranting consideration. Actual perform- 
ance requirements and details of service 
conditions are preferable to the inclu- 
sion of arbitrary safety factors. 


Obvious requirements include d.c. 
output voltage and current. Stated toler- 
ances for each aid the designer, whose 
choice is limited to fixed current and 
voltage steps. First cost usually is a 
function of rectifier output and varies 
with the number of plates required, 
making it desirable to hold size to a 
minimum. The number of phases of the 
power supply is important but the fre- 
quency is relatively unimportant except 
for capacitive loads or smoothing filter 
circuits inasmuch as the rectifier rat- 
ings hold for frequencies up to 1,000 
cycles per second. Voltage variation of 
the a.c. supply line should be stated. 

Upper and lower ambient tempera- 
ture limits must be known as well as 
the duty cycle, that is, whether con- 
tinuous or intermittent. If the latter, 
details of current changes are required 
together with the length of time each 
value is to be maintained, as well as 
the length of each “off” period. Neces- 
sary also are voltage regulation limits 
between stated loads and details of 
switching, that is, whether on the line 
or load side of the rectifier. 

The nature of the load is an im- 
portant design factor. Inductive and re- 
sistive loads are usually treated simi- 
larly but capacitive loads and battery 
charging service require different de- 
signs. For capacitive loads, the value 





of the capacity and the supply line fre, 
quency must be known in order to de. 
termine the a.c. input to the rectifie 
If a filter is used, it is considered as a, 
inductive or capacitive load according 
to whether its input section comprigg 
a choke coil or a condenser. 

The a.c. voltage required for a given 
d.c. output voltage depends on the cir. 
cuit and load conditions. For a resistive 
or inductive load, the r.m.s. input yg}. 
tage of a single-phase bridge rectifier jg 
of the order of 30 percent above the 
mean output voltage; for a three-phag 
bridge rectifier, the input voltage j, 
about 12 percent below the mean oy. 
put voltage. Similarly, for a single. 
phase, half wave rectifier the input yol. 
tage is about 180 percent above the 
output; and, for a three-phase half 
wave rectifier it is about 8 percent 
above the output. 

In addition to stated line voltage, 
ambient temperature and other know 
variables, the rectifier designer must 
consider full compensation for aging 
as well as allowances for variation in 
ventilating conditions. 

The housing for the complete equip. 
ment should preferably be small jp 
horizontal cross-sectional area and as 
high as practicable in order to enhance 
“chimney” action for convection cool: 
ing. 
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Fig. 11—Approximate current factors in rectifier circuits. To obtain effective current (a.c.) in any section, multiply the d.c. oF 
average value of the rectified output current by the appropriate factor - 
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INDUSTRIAL PLASTIC PARTS 


General Design Considerations 


HE MORE the product engineer 

learns about design of industrial 

plastic parts, the less time and 
trouble it will take to go into produc- 
tion with a new design, and the more 
eficient will be his use of plastic mate- 
rials. Consider the creation of a molded 
part. Conception takes place in the 
mind of a product engineer, the design 
js roughed out, and sketches are relayed 
yia a molder’s salesman to the plastics 
engineer. A price quotation is prepared 
through joint collaboration of engineer- 
ing, tool and manufacturing repre- 
sentatives, each offering constructive 
criticism which gradually perfects the 
design. 

Should the quotation be favorably re- 
ceived, the customer places an order. 
Final details can best be settled with 
a model. The mold is then designed, 
built, sampled and checked for accuracy 
—a process taking several weeks and 
often running into months for compli- 
cated jobs. Once the customer approves 
samples, the problem is reduced to that 
of molding enough parts. 


Selecting the Material 


The first serious consideration of a new 
plastic part after a rough plan has been 
made must settle the question of com- 
pound. Industrial applications of plas- 
tics make demands covering all imagi- 
nable characteristics of materials. For 
example, electrical insulation 
satisfy requirements for 


must 
insulation, 





ees 


Fig. 1—Inserts of many sizes and shapes 
can be molded into plastic parts, as this 
switch-gear part illustrates 
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dielectric strength, power factor, dielec- 
tric constant, arc resistance, moisture 
absorption, heat resistance and mechan- 
ical strength. Mechanical strength 
divides into impact, flexural, tensile and 
compressive strengths which in turn are 
limited by their respective fatigue val- 
ues. Other molded parts must excel in 
qualities like weathering resistance, 
machinability, light weight, abrasion 
resistance, low coefficient of friction, 
and light transmission. 

Selection of the material then in- 
volves a careful study of all plastic 
materials available, followed by a 
matching of their properties with the 
requirements of the job—a subject out- 
side the scope of this article but amply 
covered in other articles which have 
been published in Propuct ENGINEER- 
ING. Occasionally no amount of part 
redesigning will overcome some defi- 
ciency in materials where a particular 
combination of qualities is required. 
Should the job warrant, laboratory 
facilities are available to develop new 
compounds combining necessary fea- 
tures. Failing this the customer is told 
frankly that he must look elsewhere. 


Designing the Part 


Having chosen a compound, engineers 
submit the roughly designed part to a 
scrutiny for changes necessary to good 
molding. “Can we extract the part in 
one piece?”, is sometimes awkward to 
answer. Loose wedges which come out 


of the cavity with each molded part 
make possible many types of undercuts. 
Two-ram angle presses give freedom for 
undercuts in directions at right angles 
to each other. Some parts will be 
cheaper to mold solid and machine 
afterward; some parts should be made 
in two or more pieces and assembled 
afterward. 

Once the problem of extraction is 
settled, dimensions take the center of 
attention. Items of wall thickness, draft, 
location and size of holes, tolerances, 
volume, and cross-section area per- 
pendicular to molding direction are 
considered from the viewpoints of muld 
construction, ease of molding, probable 
sources of scrap and ultimate satisfac- 
tion to the customer. 

Wall thickness must in all cases give 
sufficient mechanical strength or the 
part is useless. Both the customer and 
plastics molder should satisfy them- 
selves beforehand by suitable stress 
calculations. From the molder’s point 
of view a uniformly thin wall section 
is desirable for both thermoplastic and 
thermosetting compounds. Thermoplas- 
tic materials will show less tendency 
toward shrink marks as well as requir- 
ing smaller volumes of relatively expen- 
sive material. Thermosetting materials 
will cure evenly and with fewer shrink- 
age strains caused by large variations 
in cross-section. Rate of production for 
both materials is determined to a large 
degree by the thickness of the largest 
section. Generally accepted minimum 


Table I—Location and Size of Molded Holes 














Maximum Hole Minimum Side 
Minimum Hole Length, In Wall, In. 
— Straight Hot Cold 
Blind Hole through molded molded 
1/16 1/16 1/8 1/16 3/32 
5/64 3/32 3/16 1/16 3/32 
3/32 1/8 1/4 1/16 3/32 
7/64 5/32 5/16 3/32 3/32 
1/8 3/16 3/8 3/32 1/8 
5/32 1/4 1/2 3/32 1/8 
3/16 5/16 5/8 1/8 1/8 
7/32 3/8 3/4 1/8 3/16 
1/4 7/16 7/8 1/8 3/16 
5/16 9/16 1 1/8 5/32 1/4 
3/8 11/16 1 3/8 5/32 1/4 
7/16 13/16 1 5/8 3/16 5/16 
1/2 15/16 1 7/8 3/16 3/8 























wall thickness is #: in. for the small 
general purpose part. For larger pieces 
(radio cabinets, housings) wall thick- 
ness should be 1%4 to 3% in. A domed 
top for molded parts increases strength 
and facilitates molding. 

As in molding other materials, it is 
customary to allow taper on the cavity 
walls in order to ease extraction of the 
molded part. A quarter degree per 
side is usually sufficient for hot molded 
compounds while the more abrasive cold 
molded compounds will require twice 
as much. Occasionally straight sides 
are required on certain faces of a 
molded part. Flexibility of the newly 
molded part usually permits extraction 
providing all other faces have adequate 
taper. High bosses or deep recesses 
should have 5 deg. taper with generous 
radii at top and bottom. 

A guide to the location and size of 
molded holes is given in Table I. 
Straight-through molded holes may be 
longer than blind holes because the 
molding pins are supported on both 
ends. Many designs calling for long 
through-holes can be changed so that 
the small diameter is molded a short 
distance and the rest of the hole is a 
larger diameter, thus obtaining neces- 
sary mold pin strength. While Table I 
is to be used as a guide, favorable mold- 
ing conditions such as occur in injec- 
tion and transfer molding allow many 
exceptions. 

Drilled holes offer a good alternative 


Table Il—Tolerances of 
Molded Plastics 




















Tolerances 
Plus or Minus, In. 
Nominal 
Dimensions 
In. Hot Cold 
Molded Molded 
0.5 or less... .| 0.002 0.010 
0.500 to 2.000.} 0.005 0.013 
2.000 or over..| 0.0025 per in.| 0.10 and 
0.003 per in. 
for difficult molded holes. Punched 


holes are usually limited to relatively 
thin laminated plastics and allow an 
innumerable variety of shapes in addi- 
tion to round holes. Maximum thick- 
ness of laminated plastics that can be 
punched are: 


Type Hot Cold 
Paper fe in. 1% in. 
Fabric 14 in. fs in. 


Unnecessarily close tolerances spoil 
many otherwise good molding jobs. 
Table II lists tolerances which can be 
expected of the average hot or cold 
molded part in a direction perpendicu- 
lar to applied pressure. Tolerances in 
the direction of molding vary with the 
type of mold. For hot compression 
molding 0.005 in. to 0.020 in. build-up 
can be expected on the parting line. 
Small molds, simple parts, and free 
flowing compounds are conducive to 





thin cutoff. The reverse is true for com. 
plex parts and low flow material; 
Transfer and injection molds which ate 
closed when the compound enters can 
usually hold less than 0.005 in, build-up 
thus approximating tolerances of Table 
II for all directions. Even these tole. 
ances may not be close enough and 
parts may require a final n achining to 
size. 

Many factors are responsible for the 
relatively large tolerances used jn the 
plastics industry. Molds must be made 
somewhat oversize to allow for shrink. 
age, both chemical and thermal. Differ. 
ent batches of the same compound may 
have slightly different shrinkages, Vay. 
ations in the length of cure with the 
same batch will change shrinkage, Up. 
even rates of cooling can permanently 
warp otherwise perfect parts. The daily 
changes in relative humidity and tem. 
perature will affect size. All these items 
can only be imperfectly controlled, 
hence extra close tolerances should not 
be specified if avoidable. 

Total volume is always calculated and 
converted to weight of compound. Fair 
accuracy is necessary since compound 
prices per pound range from 15 to 8 
cents, and a few hundred thousand parts 
are often at stake. Volume is particu. 
larly important for injection molded 
parts, for not only is the compound ex- 
pensive, but the pressing machines must 
have the capacity to plasticize and 
inject the required compound in a rea- 





Mechanical properties of high strength, light weight, 
resilience, shock resistance, toughness and easy machinability 
of laminated, cotton-flock molded and other industrial plastic 
compounds leads to their selection for many parts such as 





(right) for seamless steel tube mill is fabric-filled phenolic, 
molded to 60-deg. shape—an outstanding new development. 
Such bearings outlive metal bearings by several times, with- 
stand mechaniéal shock and high compressive loads, and 











silent gears and cams, rocker arms, rollers, levers, pump 
impellers, machine housings, load carrying panels. Typical 
examples are small, high-impact, light-weight molded ma- 


chine parts at left. Water-lubricated roll neck bearing 
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absorb less power than metal bearings. Starting resistance 
may be greater, and continuous lubrication is essential t 
dissipate heat. Compound can be impregnated with graphite 
to reduce friction and starting torque. 
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gonably short cycle of the machine. 
" Cross-sectional area of the moldea 
part perpe! dicular to the direction of 
molding determines the size of molding 
press. Clamping pressure per square 
inch of molding area runs from 3,000 
to 8,000 ib. per sq. in. for compression 
molding and 15,000 to 30,000 lb. per 
sq. in. for injection molding. 

Intimately associated with dimen- 
sions is the use of radii on corners. 
Such “streamlining” of the molded part 
assists flow of material in the cavity 
and produces a strong part. Especially 
is this true for high impact materials 
using long fibre fillers. The use of fillets 
reduces stress concentrations in both 
the molded part and the mold. Mold 
construction is simplified by eliminating 
square corners which have to be dug 
out by hand and there are no sharp 
corners on plungers to wear round. 

An exception to general fillets is a 
square edge located on the flash line of 
the molded part. Mold construction is 
simplified and cleaning of the molded 
part is cheaper and neater. 

Strengthening bosses and ribs are 
used to assist flow of compound and 
render parts more rigid to warping. 
Frequently thick sections in a proposed 
part are redesigned to thin sections plus 
ribs, thus saving compound and short- 
ening the molding cycle. 

Relatively high coefficient of thermal 
expansion of plastics is also an impor- 
tant design consideration. Designs 


where plastics are used in conjunction 
with other materials, such as in aircraft 
windows, should allow for unequal ex- 
pansion at the joint. 


Inserts and Threads 


A large number of molded parts make 
use of inserts. Many materials have 
been tried, but metals, glass. and other 
molded plastic parts are most common. 
Reasons for inserts are excellent. Sim- 
plified assembly problems reduce cost, 
reinforcement lends strength, tolerances 
are closer, arc-resistant inserts over- 
come compound deficiencies, corrosion- 
resistant plastics protect metal inserts. 
current carrying inserts can be well 
insulated and supported, and inexpen- 
sive roughly finished inserts can be made 
attractive. 

Successfully designed inserts have 
adequate anchorage within the part 
In the case of round metal inserts. 
knurling may be sufficient. Grooves cut 
around hexagonal inserts provide an- 
chorage against pulling out while the 
angular perimeter prevents turning. 
Many inserts have such odd shapes that 
they require no extra anchorage. 

In all cases the compound covering 
the insert should be sufficiently thick. 
A good general rule for thickness of 
compound around inserts is one-half 
the diameter of the insert. Compound 
usually must support any mechanical 
load on the insert and such stresses 


should have a high safety factor. Also, 


‘the difference in coefficient of expansion 


between the compound and insert causes 
the compound to shrink tightly around 
most metal inserts. For thermosetting 
materials extra large inserts may set up 
in the plastic breaking strains which 
an annealing oil bath (in neighborhood 
of 115 deg. C) can effectively relieve. 
Thermoplastic materials have been used 
in thicknesses of *s to 4g in. on metal 
panels of considerable size. For such 
parts cold flow takes care of the differ- 
ence in coefficient of expansion. 

Another essential of inserts is to re- 
tain shape during molding. The type 
of mold and the method of insert sup- 
port will govern strength requirements. 
Injection and transfer molds, in which 
compound pressure builds up more or 
less evenly in all directions, can use 
quite delicate inserts. Flat glass plates 
held in place by vacuum have been 
molded into radio receiver escutcheons 
by injection methods. 

When inserts cannot conveniently be 
located in the cavity during molding, 
they sometimes can be placed in molded 
holes in the hot and still plastic parts 
immediately after parts are taken from 
the molds. Contraction of the plastic 
upon cooling holds the inserts firmly. 

Few relatively complex plastic parts 
are designed without threaded sections. 
The simplest designs require tapped 
holes which have either molded threads, 
machined threads or tapped metal in- 
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Electrical applications are typified by laminated radio 
coil forms where desired properties are dielectric strength, 
low loss factor and low water absorption. Molded phenolics 
and ureas have been used for years in countless small electri- 
cal parts. Laminated fabric and paper have typical uses in 
mstrument panels, insulation strips. Heat and arc-resistant 
cold molded plastics have uses in field rheostats for motors 
and generators. Polystyrene is gaining in electrical uses. 
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Chemical resistanee of plastics is a deciding factor in 
many industrial applications, typical of which is this molded- 
laminated rayon spinning bucket. 
which resist action of various acids, salts, alkalies, oils, 
alcohols and solvents, but no single plastic will resist all. 
Materials with low water absorption maintain good electrical 
properties and weather well. Typical chemical applications 
include tank linings, filtering equipment, food machinery. 


Plastics are available 
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serts. Molded threads require unscrew- 
ing of the part from the pin or vice 
versa which is apt to be a slower process 
than either machining or the use of in- 
serts. However, power driven unscrew- 
ing devices have been developed which, 
though expensive, speed production. Ma- 
chined threads for tapped holes are 
readily made using either drilled or 
molded tapping holes and a reversible 
chuck. This type of service is particu- 
larly hard on taps. Tapped metal in- 
serts made on automatic screw machines 
give threads which usually require no 
more operations or at the most a simple 
chasing to remove excess molding com- 
pound. 

The most satisfactory type of molded 
external thread is made in a ring which 
must be unscrewed. Split wedges are 
also used, but these leave a parting line 
across the threads. As the mold wears 
the flash at the parting line becomes 
thicker and the thread diameter goes 
out of round. Very shallow molded 
threads can sometimes be stripped from 
the cavity without unscrewing. 


Analyzing Mold Costs 


Molds are broadly classified as com- 
pression, transfer, injection and ex- 
trusion. Thermosetting compounds are 
commonly used with compression and 
transfer molds, while thermoplastic ma- 
terials find greatest application in in- 


jection and extrusion equipment. Thus, 
choice of compound is usually the most 
important item in determining mold 
type. 

The remaining item of mold cost 
should be analyzed from the standpoint 
of cost per molded part. To do this it 
is important to have a true estimate of 
the total number of parts to be molded. 
The cheapest mold may wear out before 
the order is complete while the better 
built mold will have unnecessarily long 
life. A typical example is the customer 
who asks for the cheapest unhardened 
hand mold to make a hundred parts. 
After reordering a few times he sud- 
denly complains about tolerances to the 
embarrassment of everybody. 

A well planned mold has the proper 
number of cavities to give the required 
production capacity. Too few cavities 
may mean the otherwise unnecessary 
construction of an additional mold. Too 
many cavities are as bad as too few. 
The law of diminishing returns also 
places a physical limit on the ultimate 
number of cavities for one mold. Slower 
molding operation is unavoidable for 
multi-cavity molds and large presses. 
Not infrequently the same number of 
cavities divided between two frames 
will produce more parts at the same 
price per part. Multi-cavity molds are 
more susceptible to a damaged cavity 
which can cause complete production 
shut down. 


Barring abuse the life of a mold jg 
limited by wear of the molding surfaces 
Worn pins can be replaced quickly, but 
when a cavity becomes too large, a 
expensive replacement may follow. Hard 
chromium plating is a particularly yg, 
ful tool for extending the life of moj 
cavities. A thickness of 6.001 in, o 
new molds lasts indefinitely. Worn gy. 
faces of old molds can be rebuilt to giz 
with a layer of chromium 0.010 in, 
more thick. 


Setting the Price 


Having designed a part and selected 
a mold, a few words are in order op 
methods of price determination. Quota. 
tions on molded parts are divided jnty 
separate prices for parts and mold, 
Parts prices are built up from estimates 
of actual time required for each mold. 
ing and finishing operation. Given the 
total time per molded part, rate of pay 
for labor, cost of material, overhead 
and profit, a straightforward price js 
obtained. In like manner mold costs 
are fixed by estimating hours and ma. 
terial for each individual part of the 
mold. By adding on assembly cost and 
overhead, total mold cost is determined, 
All prices are checked to be sure they 
are in line with similar jobs. Molds 
may range from one hundred to several 
thousand dollars; parts prices from a 
fraction of a cent to many dollars, 








Important optical properties are transparency, high 
index of refraction, and double refraction. Typical applica- 
tion is this aircraft gasoline gage which has double acrylic 
windows; upper window can easily be replaced when it be- 
comes scratched. Transparent plastics are used in liquid 
level gages, gas mask lenses, aircraft windows, meter win- 
dows, color filters. White urea compounds have optical appli- 
cations in lamp diffusors. Other familiar optical uses are 
“piping” of light and models for photoelastic stress analysis. 
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deg. F., 





Thermal applications of plastics are limited by heal 
resistance, thermal conductivity, and thermal expansion. Out- 
standing example of heat-resistance is molded pulley over 
which hot coated wire passes. Thermoplastic resins ai 
limited to maximum temperatures ranging from 140 to 25! 


and thermosetting resins are good up to 170-35) 
deg. F., depending upon compounds. Asbestos or glass filled 
plastics and cold molded materials go higher. Low thermé 
conductivity is a detriment when heat must be dissipated. 
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‘Causes and Cures 








Exeessively thick porcelain enamel coatings chip quite 
easily during assembly. Assembly losses are nearly seven 
times greater on parts with coatings over 0.021 in. thick than 
on parts with coatings less than 0.018 in. thick. Chipping of 
left-hand corner of part in top picture was caused by too 
thick a coating (0.028 in.). In part shown in lower picture, 
failure was not due to improper thickness (coating was 
0.013 in. thick), but to severe assembly strains. Design 
details should limit chance of damage when drawing up bolts. 











Bad Design 
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Good Designs 








2heaters on 
each side 
of dipper. 





Cross- Section 





0 
| Dipper Handle J 


4 
Heater --* 


“Cable fastened 
to dipper trip 
motor cable 

















Cold weather damage to a big 30-yd. stripping shovel 
was caused when chilled metal of the dipper handle snapped 
during winter operations. Cure was to install twelve 2,000- 
watt, 230-volt heaters around inner surface of dipper handle. 
Lines of 4 heaters are placed in bottom and sides of handle. 
Heaters were also installed in dipper itself, reducing accu- 
mulation of frozen mud. Thermostat was set to close circuit 
at 25 deg. F. since no trouble was experienced above that 
temperature. Another set of heaters kept the cab warm. 


RELIEF VALVE which adjusted the pres- 
sure in a standard filter press used for 
filtering clay and graphite mix wore 
out in a short time. Abrasive action of 
clay and graphite in suspension gullied 
conical plug and seat. Valves of various 
materials were tried. Steel rusted so 
badly it was dropped. Bronze and Monel 
were tried, but were unsatisfactory. 
Even sapphire valves wore out too soon. 
Finally a cure was found by adding a 








er sma mechanism which rotated valve plug 













Cored holes near edges of a plastic 
molded mechanical part caused trouble. 
Plastic would not flow as desired be- 
tween the core and the wall of the mold. 
This is especially true with high-impact 
types of plastics, filled with cotton lint- 
ers or shredded fabric. Such materials 
tequire high molding pressures and will 
not flow properly through narrow open- 
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ings. If resin content only is squeezed 
into the narrow space, the thin section 
will be even weaker than if a wood- 
flour filled, general-purpose plastic were 
used. Above are three methods to avoid 
these too-thin sections. Choice of first 
or second method depends upon hole 
location. Third method is the simplest 
and may eliminate an expensive core. 


slightly with every pump stroke. This 
prevented gullying by distributing ab- 
rasive wear evenly. Moreover, rotation 
seemed to lap in the plug and seat. 
Bronze valves so rotated lasted one 
year instead of only a day. 


PRODUCT ENGINEERING will pay a minimum 
of $3 for each example published in Causes 
and Cures. Where illustrations are necessary, in- 
clude drawings, rough sketches or photographs. 
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~ HYDRAULIC CYLINDERS — II 


JAMES E. THOMPSON and RODNEY B. CAMPBELL 


RELIMINARY design considera- 
Pe. were described in Part I 
of this article which appeared in 
March Propuct ENGINEERING. This 
second part of the article deals mainly 


with sealing methods for various types 
of joints. 


End-Cap Sealing Methods 


Choice of end-cap sealing method 
governs the design of the cylinder bar- 
rel of the end-cap to a considerable 
degree. In Fig. 12 are shown end-cap 
sealing methods and in Fig. 13 cylinder 
barrel designs. 

Thickness of the cylinder wall is gov- 
erned by the maximum working pres- 
sure encountered and a design pressure 
of 150 percent of the maximum working 
pressure should be used to provide for 
surge conditions. However, the wall 


thickness of a steel barrel should not 
be less than 1s in. nor should it be less 
than s2 in. for an aluminum alloy bar- 
rel, regardless of the minimum usable 
thickness shown by stress analysis. It is 
unreasonably expensive to machine cy]- 
inder barrels thinwer than these values. 
The thickness of the barrel at the root 
diameter of threads should be 150 per- 
cent of the nominal wall thickness in 
order to compensate. for the weakening 
effect of the threads. 

The sealing method in Fig. 12(A) 
is the best arrangement because it pro- 
vides a positive seal that can be ad- 
justed without disturbing the cylinder 
heads. Essential elements of this seal 
are a stuffing box formed by cylinder 
end-cap, barrel and packing nut, with 
the packing being a triangular ring 
with a steel follower. When packing 
nut is tightened, the follower forces the 


packing tightly into gland to form , 
positive seal. 

Important points to observe when 
designing this type of seal are: (1) the 
packing ring must be in the form of g 
truncated equilateral triangle, and the 
packing follower cross-section must he 
a right triangle having an angle of 49 
deg. between base and hypotenuse. This 
arrangement gives a positive compres. 
sion of the packing upon tightening the 
packing nut, with the flat-top on the 
packing providing considerable traye| 
of the follower before it bottoms in the 
stuffing box. 

The ring-seal shown in Fig. 12(B) is 
an excellent seal for end-caps which 
are semi-permanently installed, such as 
those for hydraulic shock-absorber cyl. 
inders, The seal shown in Fig. 12((C) 
is an original design of Rodney B. 
Campbell, and is excellent for large 
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Fig. 12—(A) Stuffing box seal for end-cap. (B) Ring seal for end-cap. (C) Chevron seal for end-cap. (D) Metal-to-Metal seal 
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given elsewhere for 
piston packing gland 
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Fig. 16—Details of swivel joint that is incorporated within the end-cap of actuating cylinders 


provide an adequate bearing for the 
piston rod. When the cylinders are of 
small bore the aluminum cylinder head 
wall is often sufficient, but a bronze 
bushing must always be used for large- 
bore, heavy-duty cylinders. The omis- 
sion of a wiper packing has previously 
been discussed and is governed entirely 
by the conditions under which the cy]l- 
inder will operate. 

End-caps always contain the bosses 
and ports for connection of the fluid 
lines. If possible, the boss wall thick- 
ness should be sufficient to permit tap- 
ping out for the next larger size pipe 
or fitting. This will avoid the necessity 
of discarding an end-cap in the event 
of the threads being stripped. If the 
cylinder is designed for aircraft use, 
the ports should be machined with a 
suitable straight-thread and grooved- 
face for AN standard fittings, or with 
pipe threads if the cylinder is intended 
for industrial or automotive use. 


Swivel Joints 


A fluid swivel joint incorporated 
within the end-cap of a hydraulic actu- 
ating cylinder is shown in Fig. 16. This 
swivel joint provides for conducting 
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the hydraulic fluid into the cylinder 
without the necessity of using high- 
pressure hose assemblies between the 
cylinder and the rigid plumbing lines. 
The use of swivel joints is not common 
for small actuating cylinders but with 
large actuating cylinders the flexible 
lines become quite unwieldly and a 
swivel joint is a decided advantage in 
many respects. 

The swivel joint is installed con- 
centric with the pivot-axis at the cyl- 
inder’s fixed end, with the hydraulic 
pressure lines connecting to each end 
of the stationary spindle. Passageways 
within the joint conduct fluid directly 
to the piston head, while a short, rigid 
line extends the length of the cylinder 
barrel to conduct fluid from the swivel 
joint to a port in the piston rod end- 
cap. 

In Fig. 16 is shown a swivel joint 
consisting of three principal parts: 
(1) the housing, formed by the end 
cap; (2) the stationary spindle, fixed 
to one of the cylinder supports by 
means of the spindle anchor-lug; (3) 
the packing group that permits fluid 
transfer and rotation between spindle 
and housing. 

The housing bore is ported to con- 
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Fig. 17—Stroke-stop consisting of an ad- 
justable collar threaded to the piston rod 


duct fluid into the actuating cylinder 
and is ground to an exact diameter to 
receive the packing group. The pack- 
ing group comprises packing, spacers, 
glands, and springs, and provides two 
sealed circumferential channels ex- 
tending entirely around the inner sur- 
face of the housing bore. The fluid 
ports register with these channels. The 
packing loading-springs insure posi- 
tive sealing at low fluid pressures. The 
spindle passes through the center of 
the packing group, is located within 
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the housing by the spindle anchor lug, 
and bears against the packing rings 
and glands. The packing retainer collar 
js machined to an I.D. sufficiently large 
to clear the spindle and thus avoid the 
spindle bearing against the collar with 
resultant working of the threads. 

It is sometimes desirable to provide 
sroke adjustment for an actuating cyl- 
inder. This can be accomplished with- 
out difficulty on the retracting stroke 
by a stroke-stop collar, as shown in 
Fig. 17. The provision of an integral, 
adjustable stroke-stop for the exten- 
sion stroke is no easy matter and 
should be incorporated in the mech- 
anism being operated. The stroke-stop 
shown in Fig. 17 consists of an ad- 
justable collar threaded to the piston 
rod and a heavy boss forming part of 
the end-cap. This boss completely in- 
closes the packing gland nut and pro- 
vides a shoulder for bottoming the 
stroke-stop collar. The collar should be 
counterbored to provide additional 
clearance for the packing gland nut. 


Dash-Pot Design 


Ordinarily a dash-pot will be re- 
quired on only one end of a cylinder. 
although the piston shown in Fig. 18 
is provided with dash-pots at both ends 


nulus between the dash-pot piston and 
the cylinder wall, and clearance be- 
tween the parts must be small, in the 
order of 0.010 in. max., if adequate 
energy absorption is to be expected. 


Ring Seal Designs 


The information in the preceding 
paragraphs was based upon the con- 
ventional “chevron-seal” form of actu- 
ating cylinder design and only in the 
piston design shown in Fig. 9(E) has 
the ring-seal design been considered. 
This form of seal has shown promising 
results and its further development may 
lead to actuating cylinder designs per- 
mitting greatly reduced manufacturing 
cost and much smaller cylinder dimen- 
sions, 

One manufacturer of hydraulic ac- 


tuating cylinders is producing cylinders 
using a single sealing ring for the pis- 
ton with another single-ring seal for 
the piston rod. This arrangement elim- 
inates the necessity of packing adjust- 
ment nuts and thereby reduces the 
overall length of a given cylinder. as 
compared with a conventional chevron- 
seal design. Also, the manufacturing 
cost of the ring-seal cylinder would 
be less. ; 

This cylinder design form, however, 
is still in the experimental stage, hence 
its use should be approached with cau- 
tion and considered only after suc- 
cessfully completing extensive life tests 
of each new design. Also, the patent 
situation regarding this form of seal 
appears rather involved at present, and 
should be thoroughly investigated be- 
fore planning its use. 


Clearances for Chevron Packing Parts 





All clearances listed below are radial, not diametral, and are for working pressures 


up to 1,500 lb. per sq. in. 


Use 50 percent of these values for working pressures 
between 1,500 and 3,000 lb. per sq. inch. 


To find the recommended clearance between two members read across from one 
to the column containing the other. All values are in thousands of an inch, thus 


2—4 signifies 0.002 to 0.004 inches. 
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SOME EXAMPLEs of current practice in 
specification of fits and tolerances. Both 
American tentative standard, 
ferred to as ATS, and the International 
Standards Association system, known 


the 





FITS AND TOLERANCES~— 


re- 


Classes of 


as ISA, are indicated. Although only 
ATS class numbers are shown on dia- 
gram, the ISA designations in the fol- 
lowing table were originally specified. 
Common applications for each example 


Dr. ERNESTO GEIGER 


Consulting Engineer 


of fit are also tabulated. See also page 
305 for charts to determine tolerance, 
and allowances for different classes of 
fits for various nominal dimension, 
required in engineering practice, 


Fits, Designations and Applications 









































































































































ATS ISA 
Cuass NAME DESIGNATION 2 APPLICATIONS OF Firs ILLUSTRATED 
2 ee a ae en = ~-<sspuliae 
8 Heavy force fit H7r6 Wrist pins, armature shafts in electric motors, shaft couplings and flanges (Figs, 1, 14). 
7 Medium force fit H7n6 Bushings, friction clutch disks, engine cranks, cylinder liners, eccentrics on thei 
axles, and wheels of locomotives and cars (Figs. 2. 3). 
6 Tight fit H7m6 Keyed gear hubs, axially stressed bushings, jig bushings, pulleys and rocker arms 
(Figs. 3, 12). 
5 Wringing fit H7k6 Keyed hubs of gears and pulleys, keyed shaft couplings, handwheels and cranks, 
locating keys, tongues and dowels (Figs. 4, 9, 10, 19). 
5-4 Intermediate H7j6 Centrifugal rotors, pulley hubs, centering pins and rims, and renewable bushings and 
collars (Figs. 4, 6, 11). 
4 Snug fit H7h6 Automotive shift gear hubs, milling cutters on mandrels, centering pins and rims for 
frequently dismantled machines, centrifugal pump rotors, interchangeable bushings, 
bearing caps, shims and body and jaws of drill chuck (Figs. 5, 7, 8, 10). 
4, Large tolerance H8h8 Agricultural and mining machinery, interchangeable parts not rotating on shafts, 
stop collars for shafts, hand cranks and heavy shaft couplings (Figs. 15, 16, 19), 
An Extreme tolerance H11hl11 Heavy machinery such as hoists, cranes, etc. (Figs. 14, 19). 
4-3 Intermediate H7g6 Cross heads in their slides, sliding gears, valve plungers and valve lifters, and 
eccentrics in their collars. (Figs. 2, 10). 
3 Medium fit H7£7 Shafts rotating at less than 600 r.p.m. with bearing loads under 600 Ib. per sq. in- 
(Figs. 2, 3, 6, 10). 
31 Large tolerance H9f8 Bushings for vehicle wheels, heavy bearings, hydraulic pistons and bearing width 
(Figs. 15, 19). 
2 Free fit H8e7 Bushings on multiple-supported transmission line shafts, crankshaft bearings, oscillat- 
ing bearings and quick acting slides (Figs. 7, 10). 
21 Large tolerance H10e9 Material handling machinery and stamped pieces from metal sheets. Used also on 
electric switches (Figs. 13, 14). 
1 Loose fit H8d10 Idle pulley bushing quick acting plungers, valve lifters and turbo-generator axle 
bearings (Figs. 5, 12, 18). 
1 Large tolerance H1l1dl1l Hoists and other material handling machinery (Fig. 17). 

















1See ATS B4a — 1925, “‘ Tolerances, Allowances and Gages for Metal Fits,’ American Society of Mechanical Engineers and 
American Standards Association, 29 W. 39th St., New York; price 50 cents. 
2 See ‘‘ Tolerances for Cylindrical Fits ” by John Gaillard Industrial Standardization, January to April, 1941. 
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PATENT PROCEDURE-IV 


Guarding Your Rights While Making An Invention 


MILES HENNINGER 


Patent Department, Allis-Chalmers Manufacturing Company 


OW that the preliminary investi- 
gation or so-called “pre-ex” has 
failed to show that some other 

person solved your problem in the same 
way you did and before you did, or, in 
patent office parlance, that your inven- 
tion is anticipated by the prior art, you 
are ready to complete your invention. 
But, you say, my invention is complete 
and ready for manufacture and I have 
done everything that I can. Consider 
the things you have so far done. You 
have: 

(a) recognized a problem or a desir- 
able result to be achieved; 

(b) conceived a mental picture of 
how to attain your result; 

(c) made sketches and have written 
adescription of your mental concept or 
picture; 

(d) shown your sketches to other 
persons and had them read your de- 
scription and had them witness your 
signature; that is, you have disclosed 
your invention to others; 

(e) made a search and failed to find 
prior devices achieving your result in 
the same way you did, and hence you 
believe your invention to be new. 

Acts (a) and (b) are only your 
mental processes and count for nothing 
if you stop there. In act (c) you have 
made a physical record of the results of 
your cerebrations and by act (d) you 
are able to prove the date and subject 
matter of your mental concept. And 
act (e) is useful only for your own 
information and, if made by another 
person, will furnish additional proof 
that you disclosed your ideas to such 
other person. You have a problem and 
plan for its solution, but you have not 
yet actually solved the problem. You 
have provable mental concepts, but you 
do not have embodiment of your con- 
cepts in physical materials such as 
metal, wood or other materials. You 
have conception of the invention, but 
the invention is not yet born—it is not 
yet reduced to practice. The first half 
of the process of making an invention is 
finished, but the last half must now be 
done before your invention is com- 
plete. 

Reduction to practice of your inven- 
lon must now follow before your in- 
vention is made. That reduction to 
Practice may be construction and op- 
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eration of a working model (or so-called 
pilot machine or plant regardless of 
size) or a full size structure which will 
practically demonstrate that your art 
(process) works, that your machine 
produces the desired result, that your 
manufacture is what you thought it 
would be or that your composition has 
the qualities you imagined for it. The 
building of a working model or full 
size structure is actually reducing the 
invention to practice and is desirable 
when the invention is complex or in- 
volves heretofore untested principles of 
design. However, under some circum- 
stances, it is not desired to build an 
actual model or structure, and some 
other act must be done to reduce the 
invention to practice; i.e., to complete 
the invention. The only other act recog- 
nized by the Patent Office as a reduc- 
tion to practice is the filing of a patent 
application which the Patent Office con- 
strues or considers as a reduction to 
practice. It is therefore necessary that 
the inventor now determine whether he 
wishes to reduce his invention to prac- 
tice by: 

(a) building a working model (pilot 
machine or plant) or full size struc- 
ture; or 

(b) filing a 
thereon. 

If the inventor decides to build a 
working model or full size structure, 
the work should be commenced immedi- 
ately after the preliminary search has 
been made and should be continued to 
completion as diligently as is humanly 
possible. The inventor may avail him- 
self of any assistance within reach or 
may do all the work himself but he must 
himself keep proper records of the 
progress of the work. Let us assume 
that the inventor is not a draftsman, 
does not have mechanical ability and 
wishes to utilize the abilities and fa- 
cilities of others. The first step will 
probably be the preparation of work- 
ing drawings to scale and in such de- 
tail as are necessary for another person 
to work from. The inventor’s sketches 
and his description already made for 
the purpose of disclosing the invention 
to others and making the preliminary 
search are the basis for the draftsman’s 
work. If, during preparation of the 
drawings, the draftsman or any other 


patent application 


person suggests changes in details of 
design, the inventor may accept any 
such suggestions as are within the ordi- 
nary and usual skill of the draftsman 
or designer and such changes to im- 
prove the working of the device are 
the property of the inventor. 

The fears of some inventors that their 
inventions will be stolen by men work- 
ing on them are baseless if proper 
records are kept. To keep a record, the 
draftsman should place on each sheet 
of the drawings a statement that: 


I, John Jones, certify that I was em- 
ployed by Samuel Smith, residing at 
1014 N. 126th Street, Milwaukee, Wis., on 
February 29, 1942, to make working draw- 
ings for the completion of an invention 
relating to internal combustion engines, 
that the said invention was fully ex- 
plained to me by sketches and a written 
description, that I disclaim being inven- 
tor or coinventor of any part of said 
invention, and that I completed each 
sheet of drawings relating to said inven- 
tion on the date following my signature 
hereto. 

John Jones 


Draftsman’s Name 


3/30/42 
Date 








The sheets of drawings should be co- 
related by marking, “6 sheets—sheet 1.” 
The drawings should be completed by 
the draftsman with as little change in 
principle as possible from the original 
sketches. Duplicate prints or photo- 
stats of the drawings should be made 
for use in further development but the 
original drawings should be signed and 
dated by the inventor and filed in a 
sealed envelope in a secure place. If 
any major changes are to be made from 
the original set of drawings, a complete 
new set of drawings should be made 
and they should be certified, marked 
and otherwise handled as in the case 
of the first set of drawings. 


Write Agreements 


Now comes the process of translating 
the working drawings into the actual 
physical structure. The patterns for the 
parts to be cast, the casting of the parts 
and the machining and final assembly 
of parts to make the completed struc- 
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ture may be done by any one whom the 
inventor may select. But it is desirable 
for the inventor to make a written agree- 
ment with the pattern maker, founder 
and machinist that all improvements 
made during construction shall be the 
property of the inventor. Such agree- 
ment is essential when a separately 
patentable improvement results. It is 
necessary that a record be kept of the 
work done and the dates relating to 
such work. Orders given by the in- 
ventor for work to be done should be 
written and acceptances of such orders 
should also be written. All writings 
relating to the invention should be 
signed and dated by the person making 
the writing. The procurement of ma- 
terials should be by written order which 
should relate only to the invention. Pay- 
ments for materials or work should be 
receipted in writing. Generally, there 
should be a written record of all trans- 
actions relating to building of the model 
or full size structure and the inventor 
should keep originals or copies of all 
papers relating to such transactions. 


Keep A Work Record 


During building of the model or full 
size structure, the inventor should keep 
a daily diary or journal relating to the 
invention. The diary should be a true 
journal or daybook; that is, entries 
should be made regularly and even daily 
and should be a complete note of work 
done or that no work was done and the 
reason why nothing was done. The diary 
should be in ink and no erasures should 
be made in it, or for that matter, in 
any of the papers, especially after sign- 
ing and witnessing. The book used 
should be permanently bound and not 
loose leaf, unless the inventor is will- 
ing to have his assistants initial and 
date each page. Even when permanently 
bound, the assistants should initial and 
date each page recording a change in 
the theory of or the structure showing 
the invention. A useful record is a 
series of photographs showing the vari- 
ous stages in building the invention, to- 
gether with the inventor and the as- 
sistants then working on the invention. 
If the photographs are taken by a pro- 
fessional photographer, he should date 
and otherwise identify the photographs. 
If taken by another person, prints of 
the photograph should be signed and 
dated by all persons shown therein. 

After the model or full scale struc- 
ture has been made and tested, it should 
be carefully preserved as a whole and 
any persons witnessing the tests should 
evidence such witnessing by signing and 
dating the test record. Even though the 
first structure is not satisfactory, it 
should never be robbed of any of its 
parts, but should be kept intact. A 
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partially complete model or machine 
has very little value as evidence regard- 
less of the reason for its incompleteness 
when presented. 

The whole object in keeping records 
is to provide incontrovertible proof, at 
some future date, that the drawings, 
description and model existed on the 
dates shown by the records in exactly 
the condition evident from the records. 
The inventor should carefully preserve 
all originals forming part of the record 
and should keep the dates of the various 
parts of the record (and of the patent 
application) secret as long and as much 
as possible. 

After the working model or full scale 
structure is complete, the inventor may 
use any reasonable time for testing and 
may later sell it or otherwise put it into 
public use. A careful record of the 
date of sale or other public use must 
be kept because the patent application 
must be filed within one year after 
the date on which the specimen of the 
invention was sold (delivered and ac- 
cepted) or otherwise put into public 
use. Just what constitutes a public use 
depends on the circumstances of each 
case. Any use of the invention, experi- 
mental or for convenience, pleasure or 
profit, becomes a public use when ex- 
tended, either in time or number of in- 
stances, beyond what is reasonably nec- 
essary to demonstrate the practicability 
or usefulness of the invention. A single 
specimen or use by a single person may 
be sufficient to bar obtaining a patent. 
As in many other phases of patent law, 
it is best to define what is experimental 
use and therefore not public use. Gen- 
erally, experimental use is any use in 
good faith to test the invention and it 
is immaterial whether or not the use is 
publicly visible (1) or only incidentally 
profitable to the inventor (2). The ob- 
ject and purpose of the inventor in 
placing the invention on sale or in use 
is the governing consideration as to 
whether or not the sale or use is public 
and not experimental. 


Case Histories 


In (1) Nicholson laid a strip of 
wooden pavement, in 1848, at a gate 
on a toll highway where heavy teams 
frequently stopped and started. He in- 
spected the pavement and asked opin- 
ions of teamsters nearly every day for 
six years before filing his patent appli- 
cation. His use was held experimental 
and his patent valid. 

In (2) Sprague devised a machine 
for making “arctic” overshoe buckles 
late in 1873 and used the machine in 
secret until] 1878. The product of the 
machine, though imperfect, was sold 
and an application was filed in 1879, 
only after the machine was perfected. 





The machine was operated for Prof 
and not only to test and im) rove jt, 

It is public use when the invention j, 
used: 

(3) in private by a person other thay 
the inventor; 

(4) by but not visible to the public: 

(5) but not recognizable |)y the pub. 
lic; 

(6) beyond a year’s time withoy 
change; — 

(7) and unrestrictedly sold. 

In (3) Barnes in 1855 gave his future 
wife a double leaf corset spring to use. 
He apparently felt no need to requeg 
that she keep the use secret. But the 
structure became generally used before 
the application was filed in 1866. Be. 
cause of the single use which became 
public, the patent was held invalid, 

In (4) Hall made and sold safes jp 
1860 using tapered bolts to fasten to. 
gether the various plates, for which he 
filed an application in 1867. The cour 
held the use to be public even though 
the bolts were concealed when in use. 

In (5) a particular accelerator was 
used in vulcanizing rubber. The ac. 
celerator was destroyed in vulcaniza- 
tion of the tires and could not be identi- 
fied from the finished tire as to com. 
position or process of manufacture, 
More than two years (now one year) 
after the first use an application was 
filed. The use was held to be public, 

In (6) Root invented a cable railway 
in 1876 in which the structure was 
buried in the ground and in use in 
1878. The application was filed more 
than two years after 1878. No changes 
were made in the structure at any time, 
but in 1892 the inventor argued that 
the installation was still experimental 
and not publicly used. He lost. 

In case (7), Ericsson invented a hot 
air engine. At least one engine was 
sold in 1877 for pumping water into the 
attic tanks of a residence, a job for 
merly left to the family coachman. The 
engine was frequently inspected and re- 
paired free of cost to the owner. There 
was no guaranty of efficiency and no 
agreement to take it back if unsatis 
factory and, after seven years, it wa 
traded in on a new engine. The sale 
was without restriction and invalidated 
the patent on an application filed mn 
1880. 


Footnotes 


(1) Elizabeth v. American Nicholson 
Pavement Co. 97 U.S. 126 

(2) Smith and Griggs Mfg. Co. ¥. 
Sprague 123 U.S. 249 

(3) Egbert v. Lippmann 104 U.S. 33 

(4) Hall v. Macneale 107 U.S. 367 

(5) Grasselli Chemical Co. v. Nat. Ani 
line & Chemical Co. 29 F(2d) 305 

(6) Root v. Third Ave. R.R. Co. 14 
U.S. 210 

(7) Delemater v. Heath 58 F 414 
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EERING 


SILVER BRAZING 
ALLOYS and SOLDERS 


HERBERT CHASE 


Wider use of silver-bearing solders and brazing alloys is likely to result from restrictions on tin. 


silver has long been used as an ingredient of brazing alloys because of the low melting point of 


hese alloys and for such other advantages as good malleability and ductility, ability to make joints of 


great strength, good corrosion resistance and high electrical and thermal conductivity. 


BRAZING ALLOYS 


Of the brazing alloys, often called 
“hard silver solders,” those that melt 
at 1.175 to 1,200 deg. F. and flow freely 
at or below 1,300 deg. F. are easiest 
to work with and possess most of the 
advantages of the silver brazing alloy 
eries. Others have melting points up 


to 1,600 deg. F. 


Low MeLtinc Point not only decreases 
the time, heat and fuel required to 
make joints, but affords a larger factor 
of safety against over-heating the met- 
als to be joined. The latter is of im- 
portance when brazing many non-fer- 
rous metals, especially those based on 
copper, and particularly when in the 
form of thin sheets and tubes. 


MALLEABILITY AND DUCTILITY are im- 
portant not only in the joint itself, but 
also in permitting the brazing alloy to 
be rolled into thin sheets and strips 
or drawn into fine wire, thus contrib- 
uting to convenience and economy in 
making joints. Since joints have maxi- 
mum strength when the solder thick- 
ness in the joints is 0.001 to 0.003 in.., 
a indicated in Fig. 1, little brazing 
alloy is needed. 


PENETRATION. Silver imparts a pene- 
trating quality to the alloy which is 
valuable for reaching points of mini- 
mum clearance. V-shaped clearances 
and fillets are not needed and only 
waste brazing. 


Jowrs, Butt, lap and scarf joints are 
readily made. Many joints are made 
conveniently and economically by pre- 
placing in the joint, or adjacent to it, 
astrip of wire of brazing alloy. When 
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the joint is fluxed and heated the alloy 
penetrates the joint, flowing freely 
when the proper temperature is reached. 
Flux requirements are small. 


TENSILE STRENGTH. Silver brazing al- 
loys usually have a tensile strength of 
40,000 to 60,000 lb. per sq. in. The 
significant factor, however, is the 
strength of the joint rather than of 
the alloy. In one set of tests all butt 
and lap joints, made with silver brazing 
alloy on Everdur (silicon-bronze) strip. 
had tensile strengths exceeding 56,000 
lb. per sq. in. and broke outside, not 
at the joint. Tensile strengths of 80.000 
lb. per sq. in. have been attained in 
test joints made on stainless steel. 


Effect of Temperature. The tests de- 
scribed in the preceding paragraph 
were made at room_ temperature. 
Strength decreased in inverse propor- 
tion to temperature up to 700 deg. F., 
at which point it was 30,000 lb. per 
sq. in. According to one authority, 450 
deg. F. is the maximum temperature 


» 2100 


Tensile St 
Thousand Lb 


0.006 
Thickness of Joint, In. 


0.012 0018 0024 


Fig. 1—Relation of joint thickness to ten- 
sile strength in butt joints of stainless 
steel to stainless steel 





to which joints made with silver braz- 
ing alloy should be subjected on high 
pressure steam lines and still allow a 
reasonable factor of safety. 

At least one boiler manufacturer 
uses a silver brazing alloy that melts 
at 1,175 deg. F. to make joints be- 
tween a 34-in. steel header plate and 
34-in. O.D. copper tubes of 0.049-in. 
wall thickness. This boiler operates at 
225 lb. per sq. in. and 395 deg. F. 
Other tests have shown no failures or 
evidence of flow in joints at 425 deg. F. 
under a load exceeding allowable creep 
limits of extra heavy copper tubing. 


Effect of Design. By proper design it 
is always possible to make a joint as 
strong as the metals joined. Often the 
strength of the joint greatly exceeds 
that of the alloy employed for brazing. 
Strength of joints, therefore, depends 
upon the design, area and thickness of 
the joint, the composition of metals 
joined and of brazing alloy. It is not 
necessarily proportional to strength of 
brazing alloy. For these reasons data 
on strength of various brazing alloys 
and solders have been omitted from 
the accompanying table. 


Conpuctivity. Joints having a conduc- 
tivity equal to that of copper can he 
made if the recommended overlap of 
1144 times section thickness is used. 
Such brazed joints retain their conduc- 
tivity because they are not affected by 
oxidation or mechanical loosening. 


CorROSION RESISTANCE. Special silver 
brazing alloys are sometimes used to 
resist certain types of corrosion, but 
the common silver brazing alloys are 
adequately resistant to most forms of 
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corrosion for which copper-zinc and 
copper-nickel alloys are employed. 


SILVER SOLDERS 


While silver-lead solders are less im- 
portant than brazing alloys and will 
remain so, current and probable future 
restrictions on tin will probably result 
also in wider use of silver-bearing sol- 
ders, especially those based on lead. 
Such solders also contain cadmium and 
tin; they melt or flow between 560 and 
715 deg. F. 


MELTING RANGE. Silver solders may be 
characterized as “soft” but their melt- 


ing range is well above that of ordinary 
“soft” tin-lead solders. Solders contain- 
ing 2 to 6 percent silver have been 
applied primarily, heretofore, where 
they must withstand temperatures well 
above those at which common soft tin- 
lead solders melt, say above 400 deg. F. 


Cost. Even under “normal” conditions, 
a solder containing 2.5 percent silver 
and the remainder lead costs no more 
than one having approximately 25 per- 
cent tin and remainder lead. 


STRENGTH. Although strength of joints 
made with solders containing 2.5 to 6 
percent silver and the remainder largely 





lead or cadmium is much lower than ; 
obtained with silver brazing alloys 
such low-silver solders have the sam, 
strength as the common tin-lead sof 
solders at room temperatures and the 
retain considerable strength at tem, 
peratures that would melt tin-lead sol. 
ders. The solder designated 0 jn the 
table, for example, has been used suc. 
cessfully. in electric motors in which 
heating caused tin-lead solders to fail 

Substitution of silver-lead solder he 
tin-lead in joining copper parts, avoid; 
the reported tendency of tin-lead sol- 
der to form undesirable brittle Copper. 
tin compound. 


Silver Brazing Alloys and Silver-Bearing Solders 
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Melt- Flow 
Composition, by Weight, Percent ing Point 
Desig- |ASTM Point 4 | (Liquid- 
nation | No.* (Solidus us Color Use and Remarks 
' Temp.) | Temp.) 
Ag Cu Zn Cd Pb Sn | Other | deg. F. | deg. F. 
A 1 10 52 38 (b) 1,510 1,600 | Brass- | Strongest joints heavy ferrous and noe. 
yellow | ferrous; low price, high temp. 
B 2 20 15 35 «| (b) 1,430 | 1,500 | Brass- | Joining copper-base alloys and_ steel 
yellow | parts. 
C 3 20 15 30 5 1,430 1,500 | Brass- | General purpose for copper, brass 
yellow | nickel, steel. Economical. 
D 4 15 20 35 1,250 1,370 | Yellow- | Widest use in silver-copper-nickel group, 
white ferrous, and non-ferrous. Free flowing. 
E 5 50 34 16 1,280 1,425 | Yellow- | Much used on electrical and refrigerat- 
white | ing equipment, ferrous and non-ferrous, 
F 6 65 20 15 1,280 1,325 | Silver- | Silversmithing. Free flow 
white | matches sterling. 
G 7 70 20 10 1,325 1,390 | Silver- | Chiefly on sterling. Color matches 
white | sterling closely. 
H 8 80 16 4 1,360 1,460 | Silver- | Copper wire for drawing. _ Is strong and 
white | ductile. 
I (p) 15 80 P-5 1,185 1,300 | Yellow | Non-ferrous only. Free flow, ductile 
moderate cost. 
J (p) 50 m5) 35.5 1 16 Ni-3 1,195 1,270 | Yellow | Free flow, ferrous and _ non-ferrous, 
Carbide tips to steel. 
K (p) 50 15.5 |] 16.5 | 18 1,160 | 1,175 | Yellow | Lowest flow point of brazing alloys. 
Strong, ductile, ferrous and non-ferrous. 
L 5 Emergency alternate federal specifica- 
1.5 rem.‘ 579 653 tion E-QQ-S-571A. 
M 5-6 rem 579 715 Electrical. 
N 2.9 rem. 57 579 
O (p) 2.51 0.25 97% 580 661 Electrical, high temperature motors. 
P 5 95 640 740 Strength at 400 deg. F., same as soft 
solders at room temperature. 
Q 2 98 579 586 Electrical 
R 5 95 330 563 
S (p) 2 rem. | 10 Bi 5 417 527 | Silver- | For many applications in which higher 
Sb 0.5 white | tin (soft) solders are now used. 
¥ (p) r.5 rem. | 15 | Bi5, 417 496 | Silver- | For many applications in which higher 
Sb 0.5 white | tin (soft) solders are now used. = 
U (p) 1.5 rem. | 20] Bi 3, 417 496 | Silver- | For many applications in which higher 
Sb 0.5 white | tin (soft) solders are now used. 
Notes: (a) Max. allowable impurities in all ASTM silver solders is 0.15 percent. — (b) Cadmium up to 0.50 percent max. is not col 


sidered a harmful impurity. 


(p) Proprietary alloy (not ASTM). 
ture, but in shop practice, the flow point or liquidus temperature is often called the melting point. 


(d) Technically, the melting point is actually the solidus temperté 


(e) rem. =remainder. 


Alloys listed are only a few of scores classed as silver solders and silver brazing alloys, but are reasonably representative of typ® 


containing significant quantities of silver. 


— 
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EERING 


VINYLIDENE PLASTICS 


Polyvinylidene chloride thermoplastics, trade-named “Saran” by Dow Chemical Company, have unusual 


chemical resistance and toughness. Petroleum and brine are basic raw materials. Extruded tubing is 


a good alternate for copper. Molded Saran parts can often be used in place of corrosion-resistant 


metals and hard rubber. 


TUBING AND EXTRUDED 
SHAPES 


ExTRUSION PROCESS. Saran can be ex- 
traded using modified screw type ex- 
trusion equipment. Designs permitting 
streamlined plastic flow are important. 
Metals which can be used in contact 
with Saran above 265 deg. F. in the 
heated sections of extrusion equipment 
are magnesium alloys, nickel, Z-nickel, 
Hastelloy B, and Stellite 10. Iron and 
copper-base alloys initiate decomposi- 
tion of vinylidene chloride polymers at 
elevated temperatures. 

The extruded plastic shape may be 
cooled and subsequently heat-treated. 
When first extruded the product is soft, 
weak and pliable. If allowed to remain 
at room temperature it will gradually 
harden while partially recrystallizing 
with a random crystal arrangement. By 
heat-treatment, recrystallization can be 
produced at faster controlled rates. 


PuysicAL PRopERTIFS. The control of 
extrusion and heat-treatment of unori- 
ented Saran permits a range of proper- 
ties to be obtained. Tensile strengths 
can thus be controlled from 4,000 to 
8,000 lb. per sq.in.; hardness from 65 
to 95 Rockwell (Superficial 15Y) ; elas- 
tic elongations from 15 to 25 percent. 
Good fatigue life is illustrated by: 

Specimens of ys in. tubing having 
a wall thickness of vs in., joined with 
“B” Parker standard couplings, when 
flexed through a 15-deg. angle 1,750 
times per min. for 2,500,000 cycles, re- 
mained unruptured. In comparison, 
standard 14-in. copper tubing failed at 
about 500 cycles in the same test. 

Saran tubing retains its mechanical 
properties at elevated temperatures for 
short periods of time. For example, 14 
in, tubing with 0.035 in. wall showed no 
tendency to collapse within 3 hours at 
300 deg. F. and 1 mm. absolute internal 
pressure. Tubing of the same size did 
not bulge or rupture when heated to 
212 deg. F. and subjected to 200 Ib. 
per sq.in. air pressure for 13 hr. 


Tusinc. Probably the most important 
application now is tubing. It is avail- 
able in sizes ranging from 1% to % in. 
outside diameter with wall thickness 
ranging from 0.031 to 0.062 in. Its char- 
acteristics enable it to replace metal 
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Monofilaments with oriented molecular structures have high strength. 


TABLE I—Properties of Vinylidene Chloride 





MECHANICAL PROPERTIES 


THERMAL PROPERTIES 


UNORIENTED ORIENTED 
Tensile strength, lb. per sq. eer 4,000-8 ,000 15,000—40,000 
Flexural strength, lb. per sq. in.............. 15,000—17,000 Flexible 
Bursting strength a oer See Table IT 
Elongation at yield point, pareemt............ 15-25 20-30 
Modulus of elasticity, lb. per sq. in. x 10°... ... 0.7-2.0 0.7-2.0 
Impact strength, ft. lb. per in., 4% x \% in. 
notched bar, ee et 2-8 

Hardness, Rockwell Superficial I5Y........... 65-95 

ie ela ais te leig 0 oat ha’y 50-65 

IN eo Nong oid wisivosciigvaisus! avons Above 95 


Excellent Excellent 


UNORIENTED ORIENTED 


Thermal conductivity, cal. per sec. per sq. cm. 


ee er re 0.00022 0.00022 
Specific heat, cal. per deg. C. per g........... 0.32 0.32 
Coefficient of thermal expansion, per deg. C.. 15.8 x 10° 
Resistance to heat, continuous, deg. F........ 170 170 

intermittant, SS Sree 212 Shrinks above 170 
Heat distortion temperature, deg. _ Seer 150-180 
| Slight 
Softening point, deg. F...................... 240-280 240-280 
ELEcTRICAL PROPERTIES UNORIENTED ORIENTED 
Volume resistivity, ohm per cm. (50 percent 
relative humidity and 25 a eee 104-1 0'6 
Breakdown voltage, 60 cycles, instantaneous 
volts per mil at 1 mil thickness........... 3,000 
volts per mil at 20 mils thickness......... 1,500 
volts per mil at 125 mils thickness........ 500 
Dielectric constant 
IRIE 5 sais oss SOE ok dws wee ae 3.0-5.0 3.0-5.0 
a ee ae ee 3.0-5.0 3.0-5.0 
I so asik 0. oie dnevsies.0 te aie a beers 2.5-5.0 2.5-5.0 
Power factor 
aia diss Sw wu Swe eames cinn 0.03-0.08 0.03-0.08 
Be ol sc ninn ods dhbas sauces 0.03-0.15 0.03-0.15 
Oe I cia 6s 65h 5 50s mini a cs we 0.03-0.05 0.03-—0.05 
CHEMICAL PROPERTIES UNoRIENTED ORIENTED 
Effect of weak acids.....................05. None None 
Effect of strong acids....................... Darkens in H, SO,; others, none 
Effect of weak alkalies...................... None None 
Effect of strong alkalies..................... Affected by NH,OH; darkens in 
caustic; others, none 
Effect. of organic solvents.................... Highly resistant Highly resistant 
Mme Gr GUE MONUONGS. . cece eee None 
SE yn. 2. cGugins ea baw None None 
oS ere ee eee ae Darkens slightly Darkens slightly 
OpticaL PROPERTIES UNORIENTED OalENTED 
I I PI nis odin ne ce na see's veees 1.60-1.63 1.60-—1.63 


Clarity Translucent to opaque 


ns ee oi da ecceneehaaaie + Extensive Extensive 
GENERAL PROPERTIES UNoRIENTED ORIENTED 
EE Dero ee 1.68-1.75 1.68-1.75 
Specific volume, cu. in. per lb................ 15.8-16.16 15.8-16.16 
Water absorption (A.S.T.M. Test No. D-570—40-C) 
percent after 24 hr. at 25 deg. C.......... 0.00 0.00 
percent after 168 hr. at 25 deg. C......... 0.05 0.05 
Ue eee Negligible Negligible 
I MII. gk cece ccc wecce Good 
re hss gs 2 Siow ss, a aldo wee Self extinguishing Self extingushing 
OGOE, ammte, ONC CHOC... wc cee ce None None 
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TABLE Il—Bursting Strength 


of Vinylidene Chloride Tubing 








Working Pressure 
Outside Diameter, in.| Wall Thickness, in.| Bursting Pressure, (Safety factor =5) 
lb. per sq. in. lb. per sq. in. 
1/4 0.060 1,840 370 
1/4 0.045 1,260 250 
1/4 0.030 630 130 
3/16 0.033 1,150 230 
5/32 0.031 1,290 260 
1/8 0.030 1,795 340 














Note: These strengths are at room temperature. 


strengths at higher or lower temperatures. 


Charts are avilable for bursting 





TABLE III— Molding Qualities of Vinylidene Chloride 





COMPRESSION MOLDING 


Temperature. deg. PF... ....... 2... ees 
Presser, Wo per Ad. M8... 2... ee 


INJECTION MoLpING 


‘Temperature, deg. F.................. 
Pease, oe Or G8. MM. ............... 
Mold Shrinkage, in. per in............. 


EXTRUSION temperature, deg. F 


220-350 
500-5 , 000 


300-400 
10 ,000—30 , 000 
0. 008-0. 012 


Up to 375 





tubing in many applications except 
where high temperatures and high 
pressures are encountered. Bursting 
strengths at room temperature are given 
in Table il, and drop off considerably 
at higher temperatures. The tubing can 
be joined by special Saran injection 
molded fittings, Parker standard tube 
couplings, S.A.E. and other standard 
flare type of compression fittings. At 
room temperature standard flaring 
equipment can be used. At tempera- 
tures as low as 50 deg. F., dip ends 
of tubes in hot water and use heated 
Haring tools. Tube can be trimmed with 
knife, scissors or file. 


TypicaL APPLICATIONS of tubing include 
oil and gasoline lines for engines and 
machines; tubing for recording devices 
and gages; siphon tubes and lead-in 
pipes for chemicals; refrigerant trans- 
fer tubes; electrical insulation, air and 
water lines. Applications for other ex- 
truded shapes include: rods for making 
gaskets, valve seats; medicinal probes; 
chemically resistant flexible tubing and 
pipe, tape for wrapping joints; chemi- 
cal conveyor belts; tape and strips for 
die cutting; and various items of wear- 
ing apparel. It is available in sheets 
ranging from ¢x to ¥% in. thick. 


INJECTION MOLDED 
VINYLIDENE CHLORIDE 


Mo.pince TecHnigue. Here as in ex- 
truding, equipment consists of modified 
standard injection molding machine. 
Conventional injection molding die de- 
sign, die metals, and parts design con- 
siderations apply. Molding properties 
are shown in Table III. 
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Injection molding dies are not nor- 
mally operated cold unless soft, flexible, 
amorphous pieces are desired. Rapid 
hardening of Saran is accomplished by 
heat-treatment producing recrystalliza- 
tion. Parts are ejected from heated dies 
at temperatures as high as 70 to 90 
deg. C., in a strain-free, warp-free, di- 
mensionally stable form. This promotes 
rapid cycles with heavy sections. 


PuysicaL Properties. Physical proper- 
ties of molded Saran are subject to the 
same considerations as described for 
extruded Saran. 


TypicaAL APPLICATIONS. Many applica- 
tions of molded Saran have been to 
replace such strategic materials as 
nickel, aluminum, stainless steel, and 
rubber in applications requiring chemi- 
cal resistance. Examples are: 

Spray gun handles. Saran here re- 
placed aluminum because of solvent 
and abrasion resistance. 


— 56000 
“S48000 
WY 
L 
g 40000 
“32000 


=> ~» 
ao SS - 
oO So oO 
= QO oO 
Oo Oo 


Tensile Strength 


Oo 
oO 


100 200 300 400 
Percent Total Elongation 


Fig. 1—Effect of percent total elongation 
of vinylidene chloride monofilaments 
upon tensile strength. Stretching time is 
5 min. for this curve 








Valve seats. Good abrasion resistane. 
of Saran reduces gullying. Resilieno, 
improves seating qualities. Resistane 
to corrosive gases and liquors js some. 
times an advantage. 

Moldings for rayon industry, Spin. 
nerette couplings, gasket holders, filte, 
parts, nozzle tips, rollers, guides, ar 
now made of Saran instead of har 
rubber. Factors in choice are its iney. 
ness and ‘stability in contact with chenj. 
cals and solvents. 


HIGH-STRENGTH FILAMENTS 
AND TAPES 


ORIENTATION TECHNIQUE. A high. 
strength form of Saran is produced by 
extrusion, subsequent stretching and 
heat-treatment. During mechanical 
stretching there is a partial recrystallj. 
zation and orientation of the crystallites 
along the major axis of the strand. The 
resulting tensile strength is a function 
of elongation as illustrated by Fig. |, 


PuHysicAL PROPERTIES. The _ uni-diree. 
tional properties of high tensile strength, 
great flexibility, long fatigue life, and 
good elasticity are particularly desir. 
able for small monofilament sections 
where the load is along the longitudinal 
axis. Tensile strengths of Saran mono- 
filament vary with the temperature, as 
shown in the chart Fig. 2. 


TypicaL Applications. Extruded and 
oriented sections ranging in size from 
0.007 to 0.060 in. dia. monofilaments, 
are now being produced for textiles, 
and in other shapes having maximum 
dimensions up to 0.200 in. These ma- 
terials can be fabricated by braiding, 
weaving, knitting and twisting. Many 
present applications are in fields for- 
merly supplied by imported natural 
products, such as hemp, long fiber 
paper, reed, rattan, horsehair, Spanish 
silkworm gut, and linen. Typical ex. 
amples include special ropes and fab- 
rics which call for high wet strength, 
flexibility, abrasion and chemical re 
sistance, and ease of cleaning. 
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Fig. 2—Tensile strength of vinylidene 
chloride oriented monofilaments is ' 
duced at higher temperatures, as show 
by this chart of 0.027 in. dia. cordage 
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Sistance 

is Some. 

. So One of the so-called synthetic rubbers, neoprene, has the advantage of an accumulation of experience 

» ‘, many widely diversified applications because of its early introduction to industry. Like rubber and 
S, ate 


7 hard other synthetic rubbers, it is produced with a wide range of physica] properties, depending on the kind 
S inert. 


1 chemi. and amount of compounding ingredients, and on its processing. Chemically, neoprene is polymerized 


chloroprene having the same structure as isoprene, primary constituent of natural rubber, but differing 


INTS hy substitution of a chlorine atom for a methyl group, CH;. In butabiene, basis for Buna rubbers, a 
high- hydrogen atom replaces the methyl group in the molecule. 

uced by 

ng and 

chanical P , 

srystalli Speciric Gravity. Specific gravity of the pure gum is 1.25, but its com- 

stallites pounds because of incorporation of pigments range from 1.40 to 1.80. Heavily 


nd. The pigmented mixes may have a specific gravity as high as 3.0. 
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: TensILE STRENGTH. Comparable with like compositions of natural rubber. ; urves inj|Compression 
Fig. | Compounds may be formulated having an ultimate tensile strength of 200 : 
ni-diree. to 4,500 Ib. per sq.in. Neoprene 
strength, : : : ae ubber+_=—= 
ife, and Tear STRENGTH. Varies with type of compound, but, in general, is slightly 
y desir. lower than for rubber. 
sections Aprasion ResistaANce. Similar to rubber in ordinary nondeteriorating 
situdinal service conditions. Best evaluation determined by test installations. Acceler- 
n mono- ated wear test in the presence of oil, using high-speed band saw, wore 
ture, as rubber tire tread more than twice as fast as neoprene during 5-min. contact. 
Etasticity. Elasticity and rebound rated good, only slightly inferior to nat- 0 10 20 30 40 50 60 
ded and ural rubber. Rate and degree of return to original dimensions are functions Compression in Percent 
ze from not only of degree of distortion but of time and temperature. Neoprene - . : 
laments. P a 2 : Fig. 1—Loading and unloading curves under 
enti can be compounded with elasticity superior to rubber under certain con- compression 
onda ditions. 
1ese ma- Hysteresis. Accompanying compression loading and unloading curves, 
raiding, Fig. 1, show difference between neoprene and rubber and indicate rebound : ae 
. Many characteristics. Area between loading and unloading curves is measure of Table I—Damping Characteristics of 
Ids for- ability to absorb vibration. Difference is largely in unloading curves. Com- Neoprene and Rubber 
natural pounds with same hysteresis as natural rubber can be made if desired. rm 
ug fiber . . Compression | Durometer a en 
Spanish VIBRATION DampInc. Since neoprene does not recover as rapidly as rubber “a heat Siadanin 
eal alk ithas an advantage in absorbing vibrations but may require change in Lt ‘ s he eae Rubb N a 
ad mounting design to obtain benefits. Under dynamic loads, neoprene com- a a | Se 
strength, pounds show more rapid damping effect than rubber compositions which mm a 91 7. 
cel have the same load-deflection rates. In tests the number of oscillations rm = - 7 
produced by identical shock loads was 10 for neoprene as compared with 7 * vA on 
16 for rubber. 330 sa ” e 
720 55 82 78 
PERMANENT Set. Neoprene exhibits, like rubber, a drift or gradual deforma- 1,100 65 74 70 
tion under constant load. However, deflection soon reaches maximum and c Pager gna 
permanent distortion upon release is low. Recovery is almost as complete Rubber and neoprene compounds o — 
— as for rubber compositions, but is slower. hardness have about the same compressive 
= Significance of the comparison in Table II is that although recovery of modulus. 
ie neoprene stock is slower, it is of same order of magnitude. If drift is , 
=< important factor in design, sufficient allowance should be made for it. Table Il—Percent Compression Set 
It is slightly greater than that for rubber. Disks 3{ in. dia., 4 in. thick 
ta Heat Resistance. All neoprene compounds are superior to rubber in heat 
_ ie tesistance but best results dre obtained with special type of neoprene. Time after load release | Neoprene | Rubber 
105 These show greatest superiority between 180 and 300 deg. F. Heat resisting 
C. neoprenes gradually harden at 300 deg. F. and up, and finally fail by Immediately...........] 16.6 8.3 
- becoming brittle. Neoprene is not a thermoplastic and hence does not After 30 min.......... 12 5 7.9 
mye a lose resilience at elevated temperatures. Unless highly compounded with After 24hr............ 10.5 7.5 
es ee oils or organic diluents they do not support combustion as do rubbers. 
corde There are many applications where fire prevention is important. (Continued on next page) 
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Cotp Resistance. A new type of neoprene 
that hardens less at sub-zero temperatures 
than does natural rubber is now available. 
This was not true of older neoprenes, but 
these would regain original physical proper- 
ties when mechanically worked even when 
low temperatures were maintained. These 
compounds had greater freeze resistance after 
absorbing a light petroleum lubricant. 


Acinc. Neoprene is many times more resist- 
ant to oxidation than the best modern rubber 
compounds. Presence of ozone in air has no 
effect upon neoprene. Accompanying oxygen 
bomb test data, Fig. 2, cannot be interpreted 
into years of expected life but do give reliable 
comparison in service. Similar results have 
been obtained with other types of compounds. 

Aging caused by constant flexing also 
shows the excellent resistance of neoprene 
to flex cracking. 
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Fig. 2—Oxygen bomb tests cannot be interpreted 
into expected life but do give a fair service 
comparison 


SunuicHt Resistance. Practically unaffected 
by sunlight. Only change is slight stiffening 
after long exposure, which contracts with 
severe cracking of rubber, particularly when 
test specimens are flexed or put under strain 
during tests. Effect of sunlight upon diffusion 
rate of hydrogen after 7 months exposure 
was an increase of 9 percent as compared 
with 1,471 percent for a rubber film. 


THERMAL Conpotctivity. Although classed as 
a heat insulator neoprene has 28 percent 
greater conductivity than rubber. Based on 
“pure gum” compound, coefficient of ther- 
mal conductivity is 1.45 B.t.u. per hr. per 
sq.ft. per in. thickness for a temperature of 


1 deg. F. 


ELECTRICAL PROPERTIES. Neoprene  com- 
pounds are fair electrical insulators but in- 
ferior to similar rubber compounds in power 
factor and volume resistivity, which may 
have a resistivity of 7.510" ohm-cm. at 77 
deg. F. Break-down strength of neoprene 
compounds is slightly superior to that of 
rubber compounds. A “pure gum” or high 
neoprene-containing compound will with- 
stand 860 volts per mil of thickness when 
dry. Neoprene compounds have excellent re- 
sistance to corona. 
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When dry at 77 deg. F. neoprene compounds designed for best insy] 
value have approximately the following electrical characteristics: 


ating 


D.C. volume resistivity 

Dielectric constant at 1,000 cycle per sec. 
Power factor at 1,000 cycles per sec. 

Dielectric strength RMS at 60 cycles per sec. 


7X10" ohmem, 
: 7.5 to 144 
1.07 ‘0 6 percen; 
800 volts per mil 
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Fig. 3—-Effect of immersion in gasoline and lubricating oil on tensile strength 
of neoprene and rubber 


Oi Resistance. Neoprene swells from contact with oils, but to a much les 
extent than rubber. More important it retains a considerable portion of its 
strength, toughness and elasticity while swollen. Chloroprene rubber can 
be compounded so as to undergo no change in dimensions in any given 
oil at any specified temperature, but such a non-swelling compound is 
frequently not the most serviceable one that can be produced. A new loy 
swell neoprene is also available. 

Amount of volume increase varies considerably with different crude 
petroleum oils and refined products. Temperature is also an important 
factor. Neoprene vulcanizates reach equilibria with respect to swelling ot 
volume increase when immersed in lubricating oils. 

Asphaltic base mid-continent and coastal crudes and refined products 
cause more deterioration than paraffin base crudes from Pennsylvania. 
Heavier fractions of refined crude oil have less effect than lighter ones. 

Because progress has been rapid in recent months commercial products 
will not swell anywhere near as much today as past experience indicates 


VEGETABLE Ots. Neoprene is more resistant than rubber to all vegetable 
oils. Although most vegetable oils have little effect on neoprene, a few caus 
marked swelling, but without serious deterioration. Since a few of thes 
oils will render neoprene unsuitable jn certain services, tests are advised 
before extensive installations. 


ANIMAL Fats AND Fisu O1rs. Neoprene is much more resistant than rubber 
to lard, butterfat and fish oils. Human perspiration also has greatly reducel 
effects on neoprene as compared with rubber. 


RESISTANCE TO CHEMICALS. Most salts have practically no effect. Sulphur 
and hydrochloric acids up to 30 percent concentration cause no seriols 
deterioration even at high temperatures. Higher concentrotions of sulphurt 
acid have been handled with special compounds. Hydrofloric acid causé 
comparatively slow deterioration. Alkalies cause little trouble in ordinary 
concentrations. Neoprene is not recommended for use with concentrated 
nitric acid or with chromic acid. 

“Freon” refrigerants, methyl chloride and sulphur dioxide in bolt 
liquid and gas phases have much less effect on neoprene than on rubbet 
Both are stable in presence of ammonia. 

Halogens and halogen-substituted hydrocarbons, such as chlorine, bri 


Propuct ENGINEERIN 





mine 
High 
neop! 
ewelli 
super 


or Tu 
clude 
xylen 
great 
uses. 
Fol 
altho 


Tab 


ric! 


Tensi 
Elong 
Tear 

Hard 


AFTE 


Tensi 
Perce 
Elon; 
Tear 
Hard 
Perce 


AFTE 


Tens 
Perce 
Elon; 
Tear 
Hard 
Peres 


Dir 
Tet 
anc 
bas 
one 






nsulating 


ohm-em, 
> to 144 
) Percent 
per mij] 


imeem 





200 


2 strength 


nuch less 
ion of its 
bber can 
ny given 
pound is 
new low 


nt crude 
mportant 
relling ot 


products 
asylvania. 
ones. 

products 
indicates. 


vegetable 
few cause 
of these 
e advised 


an rubber 
y reduced 


Sulphuric 
10 serious 
sulphuric 
id causes 

ordinary 
icentrated 


in both 
n rubber. 


yrine, bri 


NEERIN6 


mine and iodine have little effect on neoprenes, in contrast with rubber. 
High concentrations cause formation of thin, hard, protective film on 
neoprene surface, which protects inside mass. Carbon tetrachloride causes 
welling and deterioration of both rubber and neoprene. Neoprene is 


superior. 


Of the organic chemicals, alcohols have little effect on either neoprene 
or rubber, although contamination of the alcohols by leaching may pre- 
dude use of either. Aromatic hydrocarbons such as benzene, toluene and 
xylene attack both. While neoprenes retain rubber-like properties to a 
creater extent, they are not good enough for the great majority of such 
ae: Esters, such as amyl acetate, actively deteriorate neoprene. 

For particularly low water absorption, special compounds are required 
athough, like rubber, neoprene is a water-proofing material. 


Table I1I—Effect of Immersion in Kerosene on Neoprene and 


Rubber Compounds 





COMPOUND 


NEOPRENE RUBBER 
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ORIGINAL PROPERTIES 








Tensile strength, Ib. sq. in.......... 


2, 275]1 , 425)2 , 375] 1 , 35092 , 400)2 , 400}2 , 350 


























Elongation at break, percent....... 370} 700} 280) 650) 240) 260) 290 
ee eee 372} 395] 329) 192) 210) 292] 385 
eee iN, 5 wis Lane sia A tas 73 73 72 32 | 80 79 72 
Arren 21 Days’ IMMERSION IN KEROSENE AT 82 Dec. F. 

ep eIPOMOER, .. 2. ie cee 4 ,680}1 ,115)1,795)1,2257 710 | 525 | 630 
Percent deterioration in tensile... .. | 26.2] 21.5] 24.4] 9.3] 70.4 178.1 173.2 
Elongation at break............... _ 330) 700] 230) 600) 160] 140 | 160 
eS ae | 137] 186) 105) 185 43 44 40 
SR eee eee eer 50 52 52 39) 51 49 46 
Percent volume increase........... , 31.4) 31.8] 30.6] 2.1) 121 | 126] 140 














ArreR 21 Days’ IMMERSION IN KEROSENE AT 212 Dec. F. 





eee strongth.................. | 
Percent deterioration in tensile 
PPO a sicc aves | 240 


Elongation at break 


I ns cs sa teacmare 


850} 705] 890) 870/Too weak to 230 
eer | 62.6] 50.5] 62.5] 35.6] test 90.1 
180] 200} 310) “ « « 


74 51] 47) 99 * « « “19 




















herd oy bk aes Hines | 33} 40) 33 hare 
Percent volume increase........... 49.9) 51.7] 49.3 7.6) 368 492 383 
Table [V—Swell of Rubber and Neoprene Compounds 
in Various Oils Immersed 21 days at 82 deg. F. 
I 
Rubt Neo- | Rubber | Neo- 
Type of Oil ree prene | Type of Oil anc prene 
percent | percent 
| 
a 68.1 10.9 | Tung oil..........] 24.0 13.4 
SEs... ...... 59.6 4.7 |\*Soya bean oil..... 59.6 9.1 
‘Cod Liver oil... ... 61.7 11.4 Olive oil..........] 64.1 7.6 
‘Cocoanut oil... . . 66.5 11.2 | Rosin oil......... 96.1 12.2 
Oleic 95.0 48 .2 Turpentine....... 194.1 82.3 
SES 62.3 16.4 




















‘Further tests at 212 deg. F. showed superiority of neoprene with respect to 
retention of tensile strength, hardness, and volume increase. 


a 





Dirrusion or Gases. Many gases that readily permeate a rubber film can be 
retained by neoprene. Fabric covering power of neoprene is less than rubber 
and it is more difficult to obtain a continuous film on cloth. On a weight 
basis and on freshly vulcanized samples permeability of neoprene is about 
one-third to one-fourth that of rubber, After seven months, permeability 


May, 1942 








1.8 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 


C0, 


Gas Impedance, Reciprocal 
Liters per Sq.Meter per 24 Hr 


0.0 
00 0.02 0.04 006 0.08 
Thickness of Film, Cm. 


Fig. 4—Relation of thickness of neoprene films 
to gas impedance 


of hydrogen through rubber-impregnated 
fabric was 150 times that of neoprene fabric. 


FABRICATED Parts. Production of vulcanized 
products requires extensive rubber making 
equipment. However, neoprene cements, ob- 
tained by dissolving unvulcanized neoprene 
in a solvent, can be employed by almost any 
manufacturer. Another neoprene product 
that can be used by manufacturers in gen- 
eral is neoprene latex, or colloidal neoprene 
in water. This is used for impregnating 
porous materials or may be deposited as a 
film on smooth surfaces. 

Molded parts may be made in even more 
intricate shapes than plastics but the mold- 
ing methods vary widely. Neoprene parts are 
usually supplied in the form and shape re- 
quired for use and do not require further 
cutting or fabrication other than assembling. 


ADHESION TO Metats. Excellent. Compares 
with rubber in this respect. 


Opor. An odorless type neoprene has been 
developed. It has slightly superior physical 
properties to standard neoprene and retains 
same resistance to deterioration from expos- 
ure to heat, oils and chemicals. 


SULPHUR CONTENT. Neoprene does not re- 
quire sulphur for vulcanization although it 
may be incorporated to impart certain char- 
acteristics. Sulphurless compounds are of 
value for use in contact with materials that 
are attacked by sulphur or where adhesion 
to metal surfaces must be avoided. 


COMPOUNDING LimiTaATIONs. Neoprene is not 
mixed with rubber. It can be but rubber 
reduces resistance to deterioration and other 
fillers are cheaper. No known mixture of 
neoprene with compound ingredients can be 
made to form a vulcanizate having proper- 
ties corresponding to those of ebonite or 
“hard rubber”. Same degree of hardness 
may be approximated by stiffening the com- 
pounds with large amounts of fillers or rein- 
forcing pigments, but general properties of 
these combinations do not correspond to 
those of ebonite. 
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PROPERTIES of MUNTZ METAL 


R. A. WILKINS and E. S. BUNN 
Revere Copper and Brass Incorporated 


Muntz Metat, an alloy of copper and zinc containing 60 
percent copper, is used extensively where reasonably good 
resistance to corrosion in combination with high strength 
and moderate ductility are required. Applications of this 
class are boat and piling sheathing, tube sheets and baffle and 
support plates in heat exchangers. The name is traced to a 
patent issued in 1832 to Sir Frederick Muntz, Muntz Metal 
Company in England. 


The accompanying charts give mechanical properties of 
cold worked and annealed strip, rod and tubing for ready-to- 
finish grain sizes 0.015 and 0.045 mm., which represent limits 
commonly encountered in commercial annealing. 


The cold working series for rod is based on material that 
has been extruded at 1,250 deg. F., producing a grain size 
of 0.010 mm. 


As would be expected, these charts show that mechanical 
properties are markedly influenced by ready-to-finish grain 
size, especially the cold worked series shown in Figs. 1 to 4. 
This range is typical of commercial production and as such 
is recognized in commercial specifications, control of ready- 
to-finish grain size from one lot to another for a given amount 
of cold work is essential in securing identical properties in 
Muntz metal strip. 




























































































MUNTZ METAL STRIP 
Ready-to-finish grain size-0.015mm. 
Yield Strengths 
as Code 

@ 0.10 percent yield strength (Offeet) [| 
£& |...) 0.20 ” n ” ¢ ” y — 
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Percent Reduction of Area by Rolling 
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Fig. 2—Effect of cold work on yield strengths of strip previ- 
ously annealed to a grain size of 0.015 mm. 
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4. “~zApparent elastic limit 
Ax... | 
7 | 
, a Code | 
7, Ready -to- finish grain size 
4 0.0/5 mm. 
di ae 0. i mm. 
” | | 
Percent Reduction of Area by Rollin 
1.0 20.7 29.4 37.2 44.0 50.0 56.5 60.5 648 686 








6:1%%348%&6%7 8 F 


B. & S. Numbers Hard 


Fig. 1—Effect of cold work on tensile strength and apparent 
elastic limit of strip previously annealed to grain sizes of 0.015 
mm, and 0.045 mm. 
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Fig. 3—Effect of cold work on yield strengths of strip previ 


ously annealed to a grain size of 0.045 mm. 
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\L. | MUNTZ METAL STRIP | MUNTZ METAL STRIP | | 
o Cold Rolled 6 B.&S.Numbers Hard 
. 0.070 ;-—— (50 percent reduction) 
. wt FR / F hardness 0.060 ; 7 y; 
c 60 kg. load g Code p Z 
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9 10 ees 
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600 800 1000 1,200 1400 
Annealing Temperature Deg. F. (1 Hr at Temp.) 


Fig. 8—Effect of annealing on yield strength of strip previously 
cold worked 6 B & S numbers (50 percent reduction of area) 
from a grain size of 0.015 mm. 
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Fig. 10—This chart can be employed to determine approximate 
tensile strength and elongation of strip when only Rockwell 
hardness is known. It is accurate for thicknesses between 
0.020 and 0.080 in. within the given limits 
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600 800 1,000 1,200 1400 
Annealing Temperature, Deg.F. (1 Hr. at Temp.) 
Fig. 9—Effect of annealing on yield strength of strip previously 


cold worked 6 B & S numbers (50 percent reduction of area) 
from a grain size of 0.045 mm. 
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Annealing Temperature, Deg.F (1 Hr at Temp.) 


Fig. 11—Effect of annealing on tensile strength, apparent els 
tic limit, Rockwell hardness, elongation and grain size of Munt: 
metal (60.80 percent copper) tubing previously cold worked 5) 
percent from a grain size of 0.020 mm. 
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elongation and reduction of area of Muntz metal rod previously 
ex:ruded to a grain size of 0.010 mm. 
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Fig. 14—Effect of cold work on tensile strength and apparent 
elastic limit of Muntz metal (60.73 percent copper) rod previ- 
ously extruded to a grain size of 0.010 mm. 


May, 1942 





MUNTZ METAL ROD 


Max. Dia.-1 in. 


—I 
o 


40 


Ww 
Oo 


Code 
1) 0.10 percent yield strength (Offset) 
0.20 » ” ” ( 7» ) 
0.50 » ” » (Extension) 


Yield Strength, 1000 Lb. per Sq. In. 





0 10 20 30 40 50 60 
Reduction by Cold Work- Percent 


Fig. 13—Effect of cold work on yield strength of Muntz metal 
rod previously extruded to a grain size of 0.010 mm. 
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Fig. 15—Effect of annealing on grain size of rod previously cold 
worked to 30 percent reduction of area from a grain size of 
0.010 mm. 
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Annealing Temperature, Deg.F. (1 Hr. at Temp.) 


Fig. 16 —Effect of annealing on tensile strength and apparent 
elastic limit of rod previously cold drawn to 30 percent reduc- 
tion of area from extruded material having a grain size of 


0.010 mm. 
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Annealing Temperature, Deg.F. (1 Hr. at Temp.) 


Fig. 18—Effect of annealing on yield strength of rod previously 


cold drawn to 30 percent reduction of area from extruded mate- 
rial having a grain size of 0.010 mm. 
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Fig. 17—Effect of annealing on Rockwell hardness, elongation, 
and reduction of area of rod previously cold drawn to 30 per. 
cent reduction of area from extruded material having a grain 
size of 0.010 mm. 
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Fig. 19—Effect of eleated temperature on tensile strength, reduc: 
tion of area, and elongation of Muntz metal rod (62.40 percent 
copper) previously cold drawn 20 percent 


Propuct ENGINEERING 






or 
To 


his 
att 


art 


tak 
up 


|) a] 














1,200 
Temp.) 


negation, 
» 30 per- 
 @ grain 


. Pe a 
Tt 


-— Readuction in Area, Percent 


i > 
8s 3 


> 
Oo 
Etongation,Percent 


5 





Oo 


ip.) 


th, reduc: 
0) percent 


(EERING 





uestion and Comment 


Author Amends Article 
on “Difference Calculus” 


To the Editor: 


I wish to thank Mr. Bruckner for 
his letter, published in March, drawing 
attention to the serious error in Example 
] and for his other comments on my 
article on “Difference Calculus.” 

Mr. Bruckner’s points are very well 
taken and I should like to comment 
upon them in the order given. 

1. The symbol list should have in- 
cluded the slope term S since it was 
included in Table II. 

9. As he clearly shows, the 7 term 
should have been applied to the mo- 
ment function before the first integra- 
tion was performed. The accompanying 
table gives the correct solution for Ex- 
ample 1. 

3. For applications where it is nec- 
essary to know the slope at points 
along the beam the constants would 
have to be left in their normal posi- 
tions. If only the deflections are re- 
quired, it would appear simpler to 
gather them together and apply them at 
one time. 

4. The use of effective. in place of 
actual shaft lengths. would give more 
accurate results. but for average condi- 
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tions (such as Example 2) would have 
only slight effect on the deflection curve. 
—A. H. Cuurcu 
New York, N.Y. 


Time Delay Relays 
To the Editor: 


In the February issue of Propuct 
ENGINEERING there is a slight inaccu- 
racy that I wish to call to your at- 
tention. In Mr. Immels’ article on 
“Time Delay Relays” he states that the 
thermals, items 7 and 12. are. at best. 
only fair in uniformity of time period. 
This statment mav be considered inac- 


Table I—Solution for Beam Deflections (Revised) 
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curate if thermal relays as a group are 
under consideration. There are thou- 
sands of thermal relays in use on 
American railroads to perform func- 
tions of vital importance when the time 
of operation must be within the mean- 
ing of the term “exact.” There, relays 
operate under conditions of ambient 
temperature varying from —40 deg. F. 
of colder to +150 deg. F. or hotter 
and battery voltage variation from 
over-charge to condition of failure. The 
time of operation under these variables 
must be extremely close in order to 
avoid failure, or, in case of shortening 
of time, safety itself would be jeopard- 
ized. The circuit operation in general 
use is as shown. Note that the cooling 
period as well as the heating period 
is utilized. 

The time range covers a range at 
least up to 10 minutes, with 3 to 6 the 
most commonly used. Note also from 
the circuit that the reset is practically 
instantaneous, dependent only on the 
release time of the thermal repeater. 
[As the writer is a government em- 
ployee, his name is withheld.—Eprror. | 


To the Editor: 


The description and data on thermal 
relays, items 7 and 12, in the article 
“Time Delay Relays and Their Char- 
acteristics” are only for thermal devices 
used in connection with industrial con- 
trol. As far as exactness of operation 
is concerned, almost any device can be 
made to operate proportionately to its 
cost. As is well known, thermostats 
which employ a bimetallic strip are 
very accurate in their operation. 

The most undesirable characteristic 
of a thermal relay is its slow make 
and break contact action unless a quick 
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acting mechanism is used in conjunc- 
tion with the bimetal. 

Some a.c. contactor magnet coils 
draw from 50 to 100 amp. with the 
armature in the open position. Obvi- 
ously, the thermal relay contact pres- 
sure must be sufficient to prevent the 
contact from burning. 

On d.c. coil circuits, the opening of 
the thermal relay contacts will not 
ordinarily open a very inductive cir- 
cuit. Such a condition would burn the 
contacts as the arc would not be extin- 
guished immediately. 

I still rate this particular type of 
thermal relay as “poor” compared to 
the other devices. The electronic type 
which is rated “exact” will repeat to 
within 1/100 to 1/150 of a second. 

Another inherent fault of the ther- 
mal relay is that its minimum period 
is too long for same applications. The 
thermal capacity and rate at which 
heat can be applied to the bimetal 
determines this minimum period. 

—R. B. IMMEL 
Ind. Control Engineering Dept. 
W estinghouse Electric & Mig. Co. 


Case 


NO. 28 


Question: How should invention con- 
tracts be handled to make them uni- 
form and fair to everyone? 


ANSWER: —The perennial problem of 
manufacturers, large and small, is how 
to handle the subject of the ownership 
of inventions and fair compensation for 
them. The mistake is usually made of 
confusing these two things. They must 
be kept absolutely apart and handled 
separately. 

In the first place, the customary and 
fair way is for everyone working for 
the company, from the President down 
to the humblest mechanic, to sign a sim- 
ple agreement to turn over to the com- 
pany all inventions made in its line. 
whether in the time of the company or 
not, and whether at its expense or not. 

The best way to handle this is to 
provide on the application for employ- 
ment, a contract to this effect which is 
automatically signed at the time the 
applicant applies for the job. Then the 
person signing the agreement. as a part 
of his employment, understands full 
well the conditions of his employment. 

On the other hand, special contracts 
are usually necessary for the person 
hired for engineering, research and de- 
velopment work. Different types of con- 
tracts are necessary for executives who 
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Laboratory Is Looking For 
Panel Mounting Valves 
To the Editor: 


We have been trying to obtain panel 
mounting valves for our laboratory here 
and have had difficulty locating a source 






of supply. Do you have a |i-t of manu. 
facturers who are making panel mount. 
ing valves of the “plug-cock” type jn 
sizes from ¥g to 4 in. pipe size? We 
should appreciate any information vou 
may supply us on this problem, 
NORMAN (, PENFoLp 
Armour Research Foundation 


Can You Work This One? 


H. E. SMITH 


Solution to March problem— 


Broke But Happy 


Our customer who spent $10 in each 
of three stores after receiving from 
each proprietor as much money as he 
walked in with. had to begin his shop- 
ping tour with $8.75 to end up with 
nothing. 

Proof: He must have entered the 
third store with $5 to receive another 
$5 from the proprietor and then spend 
exactly $10. To have had that $5 left 
after spending $10 in the second store 
he must have entered it with half of 


Histories in Patent 


H. A. TOULMIN, JR. 


are only collaterally interested in in- 
ventive work but from whom some of 
the best inventions usually come. 

As a matter of fact, it has been 
the writer’s experience that between 
eighty and ninety per cent of the best 
inventions have come from the top 
executives and not from the very fine 
engineering departments which their 
companies maintain. -Perhaps this is 
due to a certain perspective, a more 
creative type of mind and _ balanced 
point of view which eyes the commer- 
cial necessities of providing a com- 
pany with new products. 

Engineers as a class are not inven- 
tive. Our industrial efficiency in cre- 
ating new products would be greatly 
enhanced if we taught young engineers 
to use their heads to think with, rather 
than their fingers to play with slide 
rules. Mr. Charles F. Kettering of Gen- 
eral Motors used to say: “A slide rule 
is a wooden substitute for brains.” 

The underlying rule which should be 
enforced by executives and which 
should be the basis for a policy estab- 
lished by a Board of Directors is this: 
Let the executive or employee do the 
fair thing of turning over the inven- 
tions in the company’s line to the com- 
pany. but they should set up a separate 
system for special rewards for special 
work of this sort in proportion to its 


$15 or $7.50. To have had $7.50 lef 
after the first store he most have ep. 
tered with half of $17.50 or $8.75. 


This month’s problem— 


Profit and Loss 


A man sold two machines for $1.50) 
each. On one he had a profit of % 
percent. On the other he had a log 
of 25 percent. What is his total profi 
or loss on the whole transaction? What 
percent loss could he afford on. the 
second machine and still break even? 


Law 


value. This is the second half of the 
problem—The stimulation of invention 
and its reward is to establish fair rules 
applying to everyone in the company. 
One steel company has the rule that 
anyone who invents while in its employ 
must give the idea to the company 
exclusively in its field, but the inventor 
is perfectly free to sell the invention 
or license it to non-competitors. 
Another company has a Committee 
for periodically reviewing the results 
from employees’ inventions and con- 
pensating the inventor accordingly. 
Another company works the group 
plan by which groups who produce 
inventions, where it is difficult to see 
where invention starts and_ research 
ends, produce advantageous ideas for 
the company. In such cases the whole 
group is awarded some compensation. 
In other companies the reward is 
left to the judgment of the manage 
ment without any yardstick basis. 
No matter what the plan adopted 
may be, my experience has been that 
a well run plan of compensation. fairly 
administered and honestly carried out. 
is one of the best guarantees of a loyal 
body of men and women who are doing 
their best for the company. It is a 
excellent insurance policy that the ne¥ 
things in the business will go to the 
benefit of the company. 
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News and Summaries 


Tue INDUSTRIAL RESEARCH STAFF of 
he Mellon Institute of Industrial Re- 
arch at the University of Pittsburgh 
now consists of 205 fellows and 150 
iellowship assistants. Nine new indus- 
rial fellowships started on their re- 
arches during the year. as follows: 


Calcite Technology. Coke-Plant Con- 
gruction Materials, Fur. Lock Nut 
Technology. Naphthalene Chemistry. 


Packaging, Pine Chemicals. Tape Tech- 
jology, and Tar Constitnents. In all. 
there have been 95 industrial fellow- 
ships in operation. Exigencies of the 
emergency have caused a considerable 
expansion in the activities of certain 
llowships, particularly those con- 
cerned with coke-byproducts. The result 
has been many special studies for Fed- 
eral Government agencies by various 
fellowships, such as those pertaining to 
heat insulation, petroleum. plate glass. 
protective coatings, synthetic organic 
chemicals and tar synthetics. In bring- 
ing out the particulars in his annual 
report, the Director, Dr. E. R. Weidlein 
said that the range of the programs of 
most fellowships has regard for post- 
war economic problems. 

The report indicated special interest 
in the following continued industrial 
fellowship researches. 

Anthrafloss, a high-grade mineral 
wool for insulating purposes. was made 
from anthracite byproducts by the mul- 
tiple fellowship of Anthracite Indus- 
tries, Inc. The multiple fellowship on 
heat insulation and roofing has aided 
in the development of an efficient in- 
sulating material suitable for tempera- 
ture up to and including 1.500 deg. F. 
From the research program of the mul- 
tiple fellowship on plastic metals has 
come the construction of a large com- 
mercial sponge-iron plant. Activities of 
other fellowships has benefited gray 
cast iron and steel production. Research 
of another fellowship has been on the 
refining of chromium. The multiple fel- 
lowship of the American Iron and Steel 
Institute has pursued steadily the utili- 
vation of waste pickling liquor. Investi- 
ational work includes the recovery of 
free sulphuric acid and copperas, the 
manufacture of iron carbonate and am- 
monium sulphate, the production of 
magnesium from low-grade ores by 
leaching with waste pickling liquor, 
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Mellon Researches Expanded 


and the preparation of sodium sulphate 
and ferric chloride. 

In the field of ceramics. cast iron 
enameling. hollow-ware enameling ma- 
terials, flat glass, and wast; grinding 
sand from plate glass manufacture are 
projects of fellowships. Plate glass 
technology has brought about substan- 
tial advances in methods for evaluating 
flatness and texture of surfaces. Gar- 
spar, Garcolite. and Gartex are now 
made commercially from waste grind- 
ing sand as the result of the research 
and development work of the Mineral 
Products Fellowship. New markets 
have been made for Garspar in the 
fields of pottery and glass; Garcolite 
has been used as a pulverulent aggre- 
gate in concrete; Gartex is a processed 
filler for rubber, plastics, and paint. 

Principal line of study of the multiple 
industrial fellowship on sulphur has 
been devoted to sulphur cement. to the 
reaction of gaseous olefins with sul- 
phur, and to the employment of sulphur 
as a filtering medium. For removing 
sediment from water, sulphur was 
found to have an efficiency equal to or 
better than that of sand filters. 

The multiple fellowship on gas by- 
products has made new inorganic and 
organic thiocyanates, and a novel series 
of rubber accelerators has been dis- 
covered by this group. Other fellow- 
ships are investigating the upgrading 
of the components of coke oven light 
oil, the physical properties of tars and 
pitches and their improvements, new 
products from tars. and the problems 
of waste disposals in the by-product 
coking industry. A process has been 
devised for the commercial recoveries 
of cyclopentadiene, of great interest as 
a potential copolymer in the prepara- 
tion of synthetic rubber and _ resins. 
Several types of natural gasoline and 
casing-head gasoline have been shown 
to contain amounts of isobutane and 
isopentane which make them desirable 
for sources of alkalation materials and 
for the production of 100 octane grade 
aviation fuel. 

Additional fellowships are carrying 
on such projects as continued work on 
petroleum products. organic synthesis 
and development of new products, and 
investigations on the manufacture and 
applications of amines, 


detergents, 





lubricants. hydraulic fluids, and syn- 

thetic resins. ; 
Mellon Institute is also carrying on 

research in food and nutrition, chemo- 


therapeutic and_ bacteriologic _ re- 
searches, largely pertaining to the ef- 
fects of the sulfonamides, and industrial 
hygiene. 

The Industrial Hygiene Foundation, 
a combined research and service as- 
sociation for health protection in the 
industries. maintain its headquarters at 
Mellon Institute. Investigations of this 
foundation have pertained to the effect 
of arc welding fumes on susceptibility 
to tuberculosis, to the reaction of living 
tissues, to silica granules, to the ap- 
praisal of X-ray films for use in physical 
examinations in the industries, and to 
the evaluation of present exhaust ven- 
tilation for the control of industrial 
health hazards. The foundation has 
been studying sick absenteeism and 
fatigue. Their report includes a review 
of the work on aluminum powder as a 
possible preventive in silicosis. 

The fellowship on bone products has 
announced methods for obtaining higher 
use and grades of glue. This fellowship 
has lately been studying granular ab- 
sorbents for use in sugar refining. In- 
creases in the staff of the fellowship on 
rubber technology are being made for 
fundamental studies of underlying 
problems of the industry. Raolin, a 
special chlorinated rubber, the creation 
of another fellowship. is being allocated 
according to Federal instructions. 

Of interest in connection with needs 
for plastic is the program of the mul- 
tiple fellowship engaged in research on 
polymerizable silicon compounds. Fel- 
lowship research is also being con- 
ducted on the employment of plastics 
in water and gas meters and for many 
other purposes. 


Casting Replaced by 
Pressed Metal 
From C. A. Woodruff, chief of the Con- 


version Unit. Branch of Contract Dis- 
tribution. W.P.B.. comes the story of a 
manufacturer of parts for ladies’ hand- 
bags who wanted to convert his capac- 
ity to war purposes. Up to recently he 
had turned out a million pieces of 
frames and fittings for handbags from 
sheet metal by cold presses. Looking 
over some of the samples of products 
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Bomber parts are carefully packed in special shock-absorbing shipping containers for 
transportation from the Fisher Body plant to another plant for final assembly 


required by the government for the war 
effort, he chose a charger for a rapid 
fire gun as something he could handle. 
This charger was primarily a casting, 
but since the manufacturers had no 
machinery for such fabrications, he 
made a sample out of sheet metal, us- 
ing only his existing machinery. (Note 
a similar application on page 242 of 
the April issue, Propuct ENGINEERING ). 
The pressed device not only passed all 
the rigorous tests to which it was sub- 
jected before approval, but also was 
considered an improvement over its 
cast predecessor. Furthermore, _ it 
weighed only half as much. 


Fisher Body Ships Plane 


Parts in Steel Containers 


As AN OUTGROWTH of their shipping 
system for automobile body parts, such 
as roof, door panels, and floors, Fisher 
Body is now shipping aluminum air- 
craft parts such as wings, rudders, 
stabilizers and ailerons, in steel frame 
containers, Each part is held in place 
in the container with strong but elastic 
straps which tend to absorb impact 
incurred during transport. Containers 
are equipped with rubber mounted knee 
action casters to absorb vibration while 
containers are rolled in or out of freight 
cars. 

Several containers are shipped in 
each car, depending upon their length, 
and cars for this purpose are equipped 
with special brackets which grasp the 
containers at each end, while a hori- 
zontal jack between units keep them 
securely locked within the brackets. 
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The jack provides protection against 
either forward or backward, or up and 
down motion, and trucks in which 
casters are locked prevent side sway. 

Plane parts were formerly trans- 
ported in wooden crates. It was found, 
however, that for such mass production 
as is now required, wood crates re- 
quired excessive frame construction 
work, heavy charges because of the 
greater weight, and a complete loss of 
the packing material at the destination 
since it was impractical to return crates 
for repacking. Shipment by wooden 
crates required from two to three 
pounds of dunnage for each pound of 
goods. With the new steel containers, 
the ratio is about 1.5 lb. of dunnage to 
1 lb. of goods. Furthermore, since the 





Meetings 


| National Electrical Manufacturers 
| Association The Homestead, Hot 
| Springs, Va., May 10-15. 
American Gear Manufacturers As- 
sociation—Annual Meeting, Hershey 
Hotel, Hershey, Pa., May 11-13. 
American Iron and Steel Institute 


Annual Meeting, Waldorf-Astoria 
Hotel, New York, N. Y., May 21. 





| Society of Automotive Engineers— 
| Annual Summer Meeting, The Green- 
| brier, White Sulphur Springs, W. 
Va., May 31—June 5. 

American Society for Testing Ma- 
| terials—Annual Meeting, Chalfonte- 
Haddon Hall, Atlantic City, N. J., 
| June 22-26. 





steel containers may be re-used ie 
times, there is no loss of dunnage re 
each shipment, and it has been figure; 
that for shipment of all bomber bars 
called for in the existing Fisher Bod 
contract, only 1 oz. of steel wil] len 
been used as dunnage for each ] }}, , 
aircraft parts shipped. ; 





Silver in Alloys 
For Aircraft Application 


IN A RECENT REPORT issued by { 
American Silver Producers Researe} 
Project, the possibility was indicat 
that important use of silver will result 
from the application of magnesium 4, 
loys in the aviation field. Investigatio 
on a recent magnesium alloy seems j) 
bear this out. It contained 2.6 percey 
each of aluminum and zinc, 5.5 percey 
silver, and 0.2 percent manganese aj 
had a specific gravity of only 1.89, } 
extruded bars, rolled sections, and lar: 
forgings. it is reported to have the {y. 
lowing physical properties after suitahl: 
heat-treatment; tensile strength, 40,0 
to 65,000 Ib. per sq.in.; yield strength 
32,000 to 50.000 Ib. per sq.in.; elong. 
tion, 2 to 10 percent; Brinell hardnes 
80 to 95. Corrosion resistance is said ty 
be comparable to all except the mog 
corrosion resistant of commercial ma 
nesium alloys. Although research 
this type of alloy has not gone fx 
enough to make further predictions 
properties attained seem to indicat 
possibilities well worth more extensix 
investigation. 






To Salvage 4,000,000 
Pounds of Waste Paper 


SALVAGE OPERATIONS at the Glen lL 
Martin Company will include the sw 
ing of 4.000.000 lb. of waste pape 
which formerly was burned. Since the 
waste paper of this concern contains: 
large amount of valuable informatio. 
each day’s collection was reduced i 
ashes before the eyes of armed guar: 
In the new system, paper is shreddet 
and baled so that it can be turned bati 
to use. 





Do You Know That- 


A modern battleship requires 30 ta: 
of blueprints before construction is e@ 
started; 5.000 different blueprints ms 
be drawn for a combat plane, 2,500 i 
a tank, 250 for a rifle, and 40 for! 
simple looking object such as 4 a” 

| 

A NEW PLASTIC SHEET MATERIAL 
the appearance of heavy metal fol ¢ 
gold or silver finish. \' 
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ENGINEERING IN WASHINGTON 


McGRAW-HILL WASHINGTON BUREAU, PAUL WOOTON, CHIEF 








steel and wood replacing a large 
percentage of dural in airplanes for 
the Army seems to be one of the im- 
portant materials substitution in this 
yar so far. North American Aviation 
announces a shift in its AT-6 trainer to 
low carbon low alloy steel, and some 
yood, reducing aluminum poundage by 
75 percent. And Curtiss-Wright has 
made a deal with the Army to supply 
searly-all-wood transport planes. 


First question asked by most per- 
sons on hearing this news is: “Why 
hasn't steel been substituted for alu- 
minum in airplanes before now?” The 
answers are not very satisfactory. Fleet- 
wings, Inc., built a successful plane of 
stainless steel, but that steel contains 
ahigh percentage of strategic alloy and, 
like aluminum, is scarce. Manufactur- 
ers didn’t have the right steel; N.A.A. 
has been working on a cold rolling 
process for over a year. Some of the 
best engineers say that designers simply 
got into the aluminum habit and didn’t 
like to explore other materials. 


Prettiest points about steel planes: 
The skin can be spotwelded, giving a 
surface as smooth as glass and having 
far less drag in the air than riveted 
dural; pure aluminum can be welded, 
the engineers say, but dural, the alu- 
minum alloy of which planes are made, 


| ishard to handle; the N.A.A. steel can 


be produced in plentiful quantities. 
I's not a very important point, but 
dural weakens at medium-high tempera- 
tures, such as in ordinary fires, while 
steel does much better. 


For each 4,000-lb. trainer. 1,246 
b. of aluminum alloy will be saved 
for other war production. One thou- 
sand such trainers would save 623 tons 
or enough for 150 medium bombers. 
The steel and wood AT-6 will be about 
150 Ib. heavier than the dural model. 
but the AT-6 permissible design over- 
load is 350 lb., and designers believe 
they can put the steel model down to 
dural weight in a little while. 


Curtiss-Wright’s wood transport, 
designed by George A. Page, will be 
built in a new plant, the company’s 
fifth, The transport will have the range 
and speed required by modern warfare. 
A large proportion of the parts will be 
subcontracted by furniture and other 
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woodworking companies. This will bring 
as-yet-non-defense equipment and man- 
power into the picture. Experts from 
early wood design projects, like Fokker, 
are being brought back into service. 


Conversion to strip steel, by mer- 
chant shipyards, instead of sheared 
plate, has speeded work on EC-2 (Lib- 
erty) ships, now coming at the rate 
of nearly one a day. Mills that had 
made strip sheet for automobiles were 
easily converted by opening the roller 
gap for thicker plate. The change in 
the yards to strip would have been 
quite serious if seams were still riveted. 
But they are all welded now, and it’s 
easy to turn a farm boy into a welder 
in a few weeks. 


Steel plate users are being asked by 
WPB to make all the use they can of 
plate less than %4 in. thick by 72 in. 
wide. About one third of the potential 
plate making capacity of the country 
is in the conversion of strip mills, most 
of which can make only the thinner and 
narrower sizes. The output of the 


sheared plate mills, about one quarter 
of the total, is directed to heavy. war 
jobs that cannot use strip. 


Canister shot is the new standard 
with Ordnance; shrapnel is out, and 
no more will be manufactured. Shrapnel 
is a shell, or projectile, loaded with a 
base charge of explosive and a quantity 
of ball. It explodes over the target 
at an elevation determined by the set- 
ting of the fuse that detonates the base 
charge. The ball is fired from the shell, 
which is really a sort of traveling shot- 
gun. Canister, as the word suggests, is 
a can full of ball—specifically 122 of 
them. ®g in. in diameter. The can is 
fired from a gun, usually a field piece. 
It contains no explosive. As soon as it 
is out of the muzzle. the can starts to 
disintegrate. and the flight of ball con- 
tinues, exactly like a charge of shot from 
a shotgun. Shrapnel was for use against 
troops in trench warfare. But now the 
troops are moving rapidly, many in 
tanks and behind other armor too thick 
for shrapnel. Canister is used mostly 
against machine gun nests. 








Weighing corrosion or tarnish 
on steel or other metals, this instru- 
ment, developed by Dr. Earl A. Gul- 
bransen, Westinghouse Research Engi- 
neer, measures the weight of a single 
layer of oxygen atoms. The white glass 
weighing instrument inside the tube, 
left, is measuring in units of ten bil- 


lionths of an inch the weight of corro- 
sion on a steel sample half the size of 
a razor blade. An invisible strand ef 
tungsten wire suspends the weighing 
beam. Below the table, inside the ver- 
tical tube, the piece of steel is hung 
by fine wire from the right-hand end 
of the beam. 
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New Materials an 





Aircraft Switch 


Designed to meet the requirements of 
United States Air Corps specification 
94-32249 for aircraft applications. The 
over-plunger mechanism, mounted on a 
steel bracket, has a pre-travel of 1/16 
in. minimum and an overtravel of %& 
in., plus or minus 32 in. Pressure re- 
quired to operate the switch is 1] Ib. 
minimum and 8 lb. maximum over the 
entire operating range. Ratings are 25 
amp. at 28 volts d.c.. 17 amp. at 125 





volts a.c. and 8.5 amp. at 250 volts a.c. 
non-inductive loads. Can be supplied 
normally open or normally closed. Spe- 
cial mounting lugs are provided on the 
bottom of the switch to allow the use 
of ring type wire connectors. The Mu- 
Switch Corp.. Canton. Mass. 


Protector for Tubing Ends 


Flexible metal caps designed to pro- 
tect plain end and beaded tubing from 
handling knocks and shocks and to seal 
out dirt, dust, and moisture. Called 
Flex-caps, they consist of a steel spring 
of hour-glass design. Turning this 
spring in a counter clockwise directtion 
expands it to accommodate the tubing. 
When released, the spring seizes the 


fal 
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tubing. These caps are available to fit 
all standard tubes from i to 2 in. 
Tubing Seal-Cap. Inc.. 215 W. 7th St.. 
Los Angeles. Calif. 


Remote Valve Control Unit 


Practical for operation over distances 
as great as 1,000 ft.. this unit has been 
designed for the manual control of 
remote valves, dampers, and _ pneu- 
matically operated equipment. Flush 
mounted, its front surface is 1s in. from 
the surface of the instrument panel. 
Possible danger from accidental bumps 
is eliminated through the recessing of 
the setting knob and pressure indicator. 
Unit may also be used for the setting 
of control points of different instru- 
ments or the adjustment of positioning 
and pressure producing pistons located 
at inaccessible points. The Foxboro Co.. 
Foxboro. Mass. 








Motor Control Centers 


Group control of a-c motors up to 100 
hp. is the function of a new control 
center with interchangeable units. Ob- 
tainable in 76- and 90-in. heights. cen- 
ters consist of a 7-in. filler at the top for 
horizontal buses and cable troughs. a 
5-in. filler at the bottom for cross cable 
duct, an 8-in. filler or master terminal 
board, and multiples of the basie 14-in. 
starter unit heights. Interchangeable 
units are trim mounted 20 in. wide, per- 
mitting two to five control elements to 
be placed in a single section. Sections 
20 in. deep allow the mounting of units 





on each face. back to back, if desired 
For operation on 3-phase. 220. 440 an 
990 volt circuits. the motor starter un 
of a full voltage magnet 
starter providing external manual res 
and thermal overload and low voltag: 
protection. Disconnect switches may }: 
unfused. quick-make and quick-break 
of the circuit breaker type with therma 
inverse time overload and instantaneou 
short circuit protection. Fused discon 
nect switch is available up to 7.5 hp. 
220 volts; 15 hp.. 440 volts. Westing. 
house Electric & Mfg. Co., East Pits 
burgh. Pa. 


consists 


Remote Control V ernier 


Head 


Combining a positive lock, vemie 
adjustment, and push-pull movemen. 
this remote control head can k 
mounted on any type control, with: 
sliding flexible member of piano wit 
or wound spring designed to take : 
tension load. The small pin set at the 
top of the base plate rides in the groot 
of a thread when the pressure exertti 
by the spring in the bottom of the bas 
forces the plunger, or movable thread! 
rod, into engagement. This engag 
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ment is released when the pressure of 
the hand on top of the knob depresses 
the spring. and allows the plunger to 
move freely. Upon release of hand 
pressure. the spring forces re-engage- 
ment making a positive lock. Arens 
Controls. Inc.. 2233 So. Halsted Se. 
Chicago. Ill. 


Dynamotor Contactor 


Especially designed to start and stop 
dynamotors used with aircraft equip- 
ment, also tank installations. Copper- 
Jead-alloy contact tips are used to assure 
good high-current inrush performance. 
Meeting Signal Corps vibration require- 
ments, the contactor is good for me- 
chanical frequencies of 5 to 55 cycles 
per sec. at a maximum of :'2-in. ampli- 
tude (2s in. total travel). applied in 
any direction. Single-pole, normally 
open contacts are designed to stay open 
when the coil is not energized and 
closed when the coil is energized even 
when the contactor is subjected to a 
linear acceleration of ten times gravity. 
applied in any direction. The contactor 
is suitable for use in ambient tempera- 
tures ranging from 60 deg. C. to minus 
40 deg. C. Contact rating is 50 amp. 
on an 8-hour basis. Inrush current 


rating is 500 amp. at 32 volts d.c. Coil 
wattage is 9.5. Available for either 12 
or 24 volts d.c. the dynamotor con- 
tactor measures approximately 21% x 4 
in., weighs only 2.3 lb. General Electric 


Co., Schenectady. N. Y. 





Fastener for Metal Sheets 


This fastener is made up of two 
Primary parts, a stud and a stud re- 
ceptacle. It has been developed for use 
on aircraft engine cowlings, hand-hold 
covers, and other aircraft applications. 
Features claimed for the device are 
great strength in tension, minimum de- 
flection between sheets, high shear 
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strength, vibration resistance. and ease 
of installation. Members to be joined 
need not have close tolerances. and the 
load does not come on the spring part. 
Known as the “Airloc.” it can be used 


on any combination of thicknesses. 
United-Carr Fastener Corp.. 29 Ames 
St.. Cambridge. Mass. 


Light Scanner 


Consists of a light source and photo 
tubes in a single compact housing 
which may be attached to any sensitive 
photo-electric amplifying system. It 
can be used wherever photoelectric con- 
trol is desired from a reflecting surface 
two inches or less distant from the unit. 
Registration marks on moving mate- 
rials. or the travel of a meter pointer 
into the spot of light, causes a change 
in the illumination reaching photo tubes. 
Responses of the photo tubes are trans- 
mitted through co-axial cable to a re- 
mote amplifier. making possible the 
control of auxiliary electric devices. 
Other applications are: sensitive cut- 
off from contrasting colors on similar 
materials, control according to perfora- 
tions punched or marked on automatic 
business machine cards, and in conjunc- 
tion with mirrors. galvanometers and 
mirror compasses. Scanner is suffi- 





——— See 


ciently flexible to operate with any 
standard sensitive amplifier, although 
an amplifier, Model 668, has been 
specifically designed for this service. 
United Cinephone Corp., Torrington, 
Conn. 


Fan Motors 


Unit-bearing, shaded-pole fan motors 
for applications requiring short, quiet 
compact units, have been developed es- 
pecially for use with commercial re- 
frigeration, air conditioning and venti- 
lating systems. There are three models 
for 115-volt, 60-cycle operation. Oil in 
a large reservoir is transferred to the 
shaft through wool felt, and is then 





pumped through the bearings and into 
the oil return, from which it flows back 
to the reservoir. End-bump and axial- 
thrust forces are counteracted by the 
magnetic forces tending to hold the 
rotor in alignment with the stator, This 


frictionless, 
thrust arrangement. 


provides a non-wearing 
A special mount- 
ing arrangement on some sizes permits 
the use of simple low-cost formed fan 
blades without hubs. General Electric 


Co., Schenectady, N. Y. 


Phenolic Molding 
Compound 


Particularly developed for radio parts 
such as condensers and crystal holders. 
a new phenolic molding compound is 
now available. It has a low power 
factor (0.07 at 1,000 kc) and high 
dielectric breakdown and fatigue. Desig- 
nated as Durez 11863, it is said to have 
excellent moldability. It is neutral in 
color. Durez Plastics & Chemicals, Inc., 


North Tonawanda, N. Y. 


Insulation Tubing 


“Fibronized Koroseal,” a tubing de- 
signed for electrical insulations, is said 
to have high elasticity, inside and out- 
side smoothness, close manufacturing 
tolerances, and excellent resistance to 
heat and many chemicals. Fire proof, it 
possesses an insulation resistance of 
infinity after 16 hours of 90 percent 
relative humidity and 105 deg. F. Flexi- 
bility is said to have been retained after 
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subjection to 225 deg. F. for approxi- 
mately 1,000 hours, as determined by 
A.S.T.M. tests. It has tensile strength 
of 2,845 Ib. per sq.in., dry dielectric 
strength (.022 in. wall thickness) of 
1,050 volts per mil, a wet dielectric 
strength (.022 in. wall thickness) of 
817 volts per mil after 24 hours emer- 
sion. Tubing is furnished in A.S.T.M. 
sizes and a variety of colors including a 
transparent shade. Irvington Varnish 
& Insulator Co., Irvington, N. J. 


Conduit Clamps 
With Speed Nuts 


Standard AC-755 conduit clamps are 
now furnished with Speednuts attached 
to either the upper or lower leg for 
faster assembly. In addition to the 
savings in handling time, the new 
Speednut attached clamp is said to 
weigh less than half as much as a 
standard hex lock nut formerly used. 
Tinnerman Products, Inc., 2041 Ful- 
ton Rd., Cleveland, Ohio. 
































































































































































































Relays 


Two new relays recently introduced 
are the Series 165 Vibration Resistant 
Relay, and the Series 195 DC Midget 
Relays. According to the manufacturer, 
the exceptional resistance to vibration 
of the former is achieved by careful 
counterbalancing and compact design 
of contact assemblics and its generally 
sturdy construction. Relays are entirely 
insulated from ground and tested with 
a minimum of 1,500 volts. Field piece 
and armature are ot annealed magnetic 
iron, and tinned phosphor bronze blades 
carry heavy silver points. Contact com- 
binations up to double pole, double 
throw have contact capacities up to 
12.5 amperes per pole, measured at 110 
volts, 60 cycle, non inductive a.c. Con- 
tact rating for aircraft use is 8 amperes 
at 24 volts d.c. Other voltages and 
contact combinations are available. 
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Overall dimensions are 24% x lis x 158 
in., weight (DPST Contacts) is 5 oz. 
Particularly for aircraft and radio work, 
the Midget relay hes a maximum con- 
tact capacity of approximately 150 
watts, measured at 110 volts, 60-cycle, 
non-inductive a.c. Maximum contact 












combination available is double pole. 
double throw. Relay coil in this relay 
is available for any voltage up to 75 
volts d.c., maximum resistance 3,000 
ohms; average power requirements of 
the coil are 2.5 watis. A light armature 
operates the contacts which are mounted 
on an insulated (900 Hi-Pot test) from 
the field piece. Contact blades are 
tinned phosphor bronze with contact 
points of fine silver. Field piece and 
armature are annezled magnetic iron. 
Coil is varnish impregnated and baked. 
With single pole, double throw contacts, 
weight of the relay is .85 oz. Guardian 


Electric Mfg. Co., Chicago, Il. 


Motor Units for Aircraft 


Units can be supplied with basic 
motor only, basic motor with clutch, 
basic motor with single or double gear 
reductions, and basic motor with single 








or double gear reductions and mag. 
netic clutch. Recommendations for ap. 
plications include cowl and wing flap 
controls and oil cooler controls, Called 
the E2Y1PC, this motor can be gh. 
tained with ratings of 1% hp. at 159 
r.p.m., ¥g hp. at 1,500 r.p.m., 2s at 299 
r.p.m., and ¥g at 200 r.p.m. The Dy. 
more Co., 14th and Racine St., Racine, 
Wis. 


Revolving Field Generators 


Streamlined, revolving field, alter. 
nating current generators are available 
in sizes from 71 to 75 kva. These gen. 
erators are wound for the standard yolt. 
ages, single-phase 2 and 3 wire, 3-phase 
3 and 4 wire, or 2-phase, 4-wire. For 
light and power, the neutral may he 
brought out for 3-phase, 4-wire systems, 
They are built to meet A.LE.E. and 
N.E.M.A. voltage regulation standards, 
An automatic voltage regulator is gen. 
erally used for lighting service where 








the load fluctuates through a wide range. 
They can be designed for any desired 
value of power factor, but the regulation 
will be covered by the power factor. 
Century Electric Co., 1806 Pine St, 
St. Louis, Mo. 


Resistance Welding Timer 


For use in automatic resistance spot, 
butt, or projection welding. Fully elec- 
tronic, the timing circuit consists essen- 
tially of a resistor capacitor circuit 
whose charging rate is adjustable by 
varying a resistor. Voltage of the cir- 
cuit is applied to the grid of a thyratron 
tube so that after a predetermining 
charging time has elapsed, the thyratron 
is energized and operates the relay. 
When welding thick plates, brass o 
stainless steel, timer permits intermit 
tent heating and cooling steps of from 
3 to 30 cycles. On the dead front panel 
are mounted the individual timing cir 
cuits, potentiometer knobs and dials 
repeat and non-repeat switches, and the 
tubes. Control transformer is wound for 
115, 230, 460, 515 volts, 50-60 cycles. 
Solenoid relay is rated 25 amp. at 1l0 
or 220 volts, and 10 amp. at 440 
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550 volts. Except where 24 volt circuit 
operation is specified, standard foot 
witch control voltage is 115 volts. Unit 
is 1714x12x12 in. Westinghouse Elec- 
tric & Mfg. Co.. East Pittsburgh, Pa. 


Balanced Hydraulic Valve 


To eliminate “pressure-locking” at 
pressures of 1.000 lb. or more, a new 
type of high-pressure hydraulic oper- 
ating valve has been developed. It is 
said that it is just as easy to operate 
from either “on” position or from “neu- 
tral.” The need for maintenance has 
heen reduced through a simplified de- 
sign with only one moving part. The 
valve is built in four sizes, 3g in., ¥% in., 
34 in. and 1 in. It is called the “Nopak 
Hy-Pressure Hydraulic Valve.” The 
Galland-Henning Mfg. Co., Milwaukee, 
Wis. 





Electrically Conductive 
Rubber Hose 


A new sandblast hose which does not 
contain any internal wire construction 
for dissipating static charges. Resist- 
ance of old rubber compounds on con- 
ventional sandblast hose exceeded one 
quadrillion ohms per c.c. The resistance 
of the new compound is only 3,000 ohms 
pere.c. This hose not only carries away 
the high static charges, but also is re- 
sistant to the abrasive action of sharp 
sand particles. It is made in 4-ply con- 
sttuction, in sizes ranging from 34 to 


3in. The B. F. Geodrich Co.. Akron, 
Ohio. 
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Aircraft Relay 


For operation at high altitudes under 
severe vibration conditions. a light- 
weight relay has been designed particu- 
larly for aircraft applications. Desig- 
nated CR2791-A100A, the relay weighs 
414 oz., measures 34exl5gx18, in. It 
can be mounted in any position. It is 
designed for mechanical frequencies of 
5 to 55 cycles per sec. at sz in. maximum 
amplitude (vs in. total travel) in any 
direction. It may be used in altitudes 
from sea level to 14,000 ft., at ambient 
temperature ranging from minus 40 





deg. C. to 93.5 deg. C. It has a current 
rating of 25 amp. at 12 or 24 volts. The 
coil operates at 1.2 watt. Single-pole, 
normally open contacts are designed to 
stay open when the coil is not energized. 
and closed when the coil is energized at 
rated voltage even when subjected to 
linear accelerations of ten times gravity 
in any direction. Built to meet United 
States Army Air Corps specifications, 
it is corrosion proof. General Electric 
Co.. Schenectady, N. Y. 


Machinable Ceramic Body 


Ceramic bodies in the semi-plastic or 
unfired state can now be obtained for 
the development of sample or test pieces 
in a customer’s own organization. After 
machining to desired size and shape, 
sample pieces are then returned to the 
manufacturer for proper firing and 
conversion into finished Crolite, unless 
the customer prefers to do his own 
firing. Blocks, rods, or tubes furnished 
for outside machining are usually of 
pure magnesium silicate, providing ex- 
cellent electrical and mechanical char- 
acteristics in the final fired state. Henry 
L. Crowley & Co., Inc., West Orange, 
N. J. 


Blackout Paint 


Waterproof paint which can _ be 
brushed or sprayed provides a dull fin- 
ish blackout in one coat. Manufactur- 
ers claim that it will resist heat up to 
210 deg. F. Coverage is approximately 
500 ft.to the gal., depending upon the 


smoothness of the glass. It dries to 
touch in 15 min., is hard in two hours. 
Can be removed with kerosene and 
other mineral solvents. Hilo-Varnish 
Corp., 42-60 Stewart Ave., Brooklyn, 
NS 


High Strength Solder 


Special solder developed for metals 
such as aluminum, aluminum alloys and 
Dow metal. Manufacturers claim that 
it is free-flowmg and that it provides 
high tensile strength in sheet metals 
and extruded aluminum. It retains the 
color of aluminum and Dow metal and 
is corrosion resistant. Rolled ¥% in. 
square, it runs approximately 270 in. 
to the pound. Lloyd S. Johnson Co., 
2241 Indiana Ave.. Chicago, Ill. 


Filter for Lubricating 
Systems 


To remove fine iron and steel parti- 
cles from circulating coolant systems, 
a permanent magnet Ferrofilter, desig- 
nated as the PQ-6, is said to have 
greater capacity than any previous Fer- 
rofilter of this type. It has a capacity 
of 200 g.p.m., pipe-size connection of 
3 in., a height of 155% in., and no mov- 
ing parts. S. G. Frantz Co., Inc., 161 
Grand St., New York, N. Y. 
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Rotating Type Limit 
Switches 


Two new forms of CR9441-C2 ro- 
tating-type limit switches are housed in 
heavy flanged, cast iron inclosures. One 
form is for class 1, group D hazardous 
gas location, and the other is for appli- 
cations requiring a water-tight switch. 
Contacts operate between a minimum 
of 1% turn of the driving shaft and a 
maximum of 120 turns. Overtravel will 
not harm the switch mechanism. Double- 
break, fine-silver contacts clean them- 
selves by opening and closing with a 
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rocking motion. New contact points 
can be installed with a screwdriver. 
Double-break contacts located at each 
end of the travel can be made normally 
closed or normally opened without addi- 
tional parts. Conduit entrance of 34 in. 
and a roomy box allow rapid and easy 
wiring. General Electric Co.. Schenec- 


tady, N. Y. 


Impact Resistance Plastic 


New impact-resistance phenolic mold- 
ing plastic. Bakelite phenolic resin 
XM-15000, developed to meet the need 
for a material that can be preformed on 
automatic tabletting machines. Molded 
properties are: Specific gravity. 1.36; 
weight per cu.in., 22.2 gm.; tensile 
strength, 5,000 to 5.800 lb. per sq. in.; 
modulus of elasticity, 10-13.x 10° Ib. 
per sq. in.; impact strength, 4.8-6.3 ft. 
lb. per sq.in.; molding shrinkage, 
0.005-0.007 in. per sq.in.; flexural 
strength, 8,400-8.800 Ib. per sq. in. 
Recommended for use where molded 
parts are to be subjected to tempera- 
tures up to 300 deg. F. (149 deg. C.). 
To secure good electrical properties the 
material must be preheated. Bakelite 
Corporation, 30 E. 42nd St.. New York, 
N. Y. 


Dry Developing Printing 
Paper 


Improved ammonia _ dry-developed 
printing paper is said to produce a 
deeper, sharper blue or red line print 
on a clean white background. It is 
further claimed that every roll, either 
in the same shipment or different ship- 
ments, is entirely uniform, both as to 
speed and color, so that printing and 
developing machines do not have to be 
set to conform with any variance. Its 
50 percent rag content basic paper 
stock stands up under creasing and 
hard usage. Manufacturers offer a free 
five-yard sample of Vapopaper to engi- 
neers equipped to produce ammonia 
dry-developed prints. Specify preference 
for blue or red line, as well as regular 
or fast-printing speed. The Frederick 
Post Co., Box 803, Chicago. Il. 
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Plastics in Engineering 


JouHNn DetmMonte— Second Edition. 
601 pages, 64%2x914 in. Blue imitation 
leather covers. Published by Penton 
Publishing Company, Cleveland, Ohio. 
Price $7.50. 


To keep his authoritative book apace 
with the fast-moving plastics industry, 
John Delmonte. director of the Plastics 
Industries Technical Institute, has in- 
corporated jnto this second edition in- 
formation on such new plastics as 
plyamides. polyvinylidene chloride. and 
methyl cellulose. Discussion of new ma- 
terials, new techniques and results of 
data on physical. electrical, thermal 
and optical properties, as well as new 
information on plastic-bonded plywood, 
adhesives, extrusion and synthetic rub- 
ber and rubber-like resins make the 
book one of the most complete and 
up-to-date works available. 

The first few of the 26 chapters of 
the book give a comprehensive descrip- 
tion of the various types of plastics 
available. The next few chapters cover 
design and specification of plastics and 
cover mold design and molding tech- 
niques. Of specific interest to design 
engineers are several chapters on in- 
dustrial applications, such as gears, 
cams, styling, etc. Data on fabricating 
and finishing are also included. 


The Condensed Chemical 
Dictionary 


THomas C. Grecory, Editor. Third 
edition, 756 pages, 6x9 in. Red buchram 
covers. Thumb index. Published by 
Reinhold Publishing Corp., 330 West 
42nd St., New York, N. Y. Price $12. 


Over 6,000 new items have been added 
to this revised edition of a work already 
well established as an authoritative col- 
lection of data valuable to chemists and 
engineers. Popular names of chemicals 
or chemical materials, chemical termi- 
nology and trade or brand names of 
chemical specialties are included. A 
new feature is the incorporation of 
“Typical Specifications” which, fur- 
nished by manufacturers, describe prod- 
ucts as marketed or sold commercially. 

In style the dictionary appfoaches 
the encyclopedic form, with cross ref- 
erences, brief descriptions or deriva- 
tions, chemical and physical properties. 
grades, containers, uses and fire hazards. 
All data, including that on labelling 


in accordance with Railroad Shippin 
Regulations. has been brought upto 
date. 

The book is prefaced with a guide, 
the pronunciation of chemical name 
and tables showing the effect of a 
time on chemical prices. In the ap. 
pendix are chemical tables, tables ,j 
equivalents. specific gravities, freezin, 
points. boiling points, etc. 


Gages and Their Use 


in Inspection 


Freo H. Cotvin—157 pages, 43, 
71% in. Red buchram covers. Publish, 
by the McGraw-Hill Book Co., Ing. 
330 West 42nd St., New York, N.} 
Price $1.50. 


Principles, applications and maint. 
nance of industrial gages are adequate) 
covered in a surprisingly short spac 
of pages and reading time. The av. 
thor’s straightforward style and gre 
familiarity with his subject helps make 
this a book that can be thoroughly d- 
gested. with profit, by engineers. in. 
spectors and production men alike. 

In addition to the mechanics of gag 
ing, subjects covered include accepted 
terminology of shops. limits and toler 
ances, outlines of construction of gage: 
of foremost types, interchangeable man- 
ufacture and inspection, machine tod 
inspection and types of fit. 


Tests of Cylindrical Shells 
University of Illinois Engineering bx 
periment Station Bulletin Series No. 33 
Paper covers, 129 pages, 6x9 in. Publishe 
by the University of Illinois, Urbana, Ili: 
nois. Price $1. 


A report of an investigation conduct 
by the Engineering Experiment Stati. 
University of Illinois, in cooperation wit 
the Chicago Bridge and Iron Compa! 
by Wilbur M. Wilson and Emery D. 
son, to determine the action of thin cylit 
drical steel shells when subjected to avi 
compression, transverse shear, and flexutt 
singly or in combinations. Tests were matt 
on specimens machined from 4-in. sal 
less steel tubing, and on 30 in. O.D. shel: 
welded of 4-in. steel plates, except for 
series having a 28-in. outside diameltt 
Following a report of the various le 
the bulletin concludes with an analysis 
the stresses induced in cylindrical shell 
when loaded as beams. 
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TOLERANCES AND ALLOWANCES 


Nomographic 


Firs AND TOLERANCES of holes and shafts or other mating 
parts. as computed from American tentative standard B4a — 
1925 of the American Standards Association, can be deter- 
mined quickly with the chart on the following page and a 
straight edge. Straight lines through the selected value on 
the nominal dimension scale at the left and two points in 
the center of the chart will indicate desired allowances and 


tolerances on the right-hand scale. 


The 11 points in the center of the chart are numbered to 
correspond with the classes of fit for which they are used and 


Determination 


are labeled to indicate the result or results to be obtained 
from each on the right-hand scale. Allowances for classes 
4 and 5 are zero for all nominal dimensions of mating parts 
and, therefore, are not found on the chart. Only two solu- 
tion lines or two positions of a straight edge are required 
for any one nominal dimension. 

The right-hand scale is read only to the closest ten- 


thousandth, as indicated by the following examples which 


RECOMMENDED APPLICATIONS OF CLASSES FOR INTERCHANGEABLE MANUFACTURE 


Class 1: Loose fit. large allowance. Pro- 
vides considerable freedom: used where 
accuracy is not essential. Employed on 
agricultural and mining machinery: 
controlling apparatus for marine work: 
textile. rubber. candy. and bread ma- 
chinery; and general machinery of a 
similar grade. 


Class 2: Free fit. liberal allowance. For 
running fits where speeds of 600 r.p.m. 
or over and general pressure of 600 Ib. 
per sq.in. and over. Intended for use 
in electrical machinery, engines. many 
machine tool parts. and some automo- 
tive parts. 


Class 3: Medium fit. medium allowance. 
For running fits under 600 r.p.m. and 
with general pressures less than 600 Ib. 
per sq.in.; also for sliding fits, the 
more accurate machine tools, and auto- 
mobile parts. 


Class 4: Snug fits, zero allowance. 
Closest fit that can be assembled by 
hand and necessitates work of consider- 
able precision. Used where no percepti- 
ble shake is permissible and where mov- 
ing parts are not intended to move 
freely under load. 


Class 5: Wringing fits, zero to nega- 
tive allowance. Assembly is usually 
selective and not interchangeable. 


RECOMMENDED APPLICATIONS OF 
CLASSES FOR SELECTIVE ASSEMBLY 


Class 6: Tight fit. slight negative al- 
lowance. Light pressure required to 
assemble. Parts are more or less perma- 
nently assembled, such as fixed ends of 
studs, hook eyes. pulleys, rocker-arms. 
etc. Used for dry fits in thin sections 
or extremely long fits in other sections. 
also for shrink fits on very light sec- 
tions. 


Class 7: Medium force fit. negative al- 
lowance. Considerable pressure _re- 
quired to assemble, parts considered 
permanently assembled. Used in fasten- 
ing locomotive wheels, car wheels, 
armatures of electrical machinery. and 
crank disks to their axles. Used for 
shrink fits on medium sections or long 
fits. These fits are tightest that are 
recommended for cast-iron holes or ex- 
ternal members since they stretch cast 
iron to its elastic limit. 


Class 8: Heavy force and shrink fits, 


may be checked on the chart on the following page. Dimen- 
sions are given in the standard basic hole system. 


considerable negative allowance. Used 
for steel holes where metal can be 
highly stressed without exceeding elastic 
limit. 

|See “Fits and Tolerances—Examples 
of All Classes.” by Dr. Ernesto Geiger. 
on page 266 of this number. | 





Example 1: 34%-in. shaft and hole, Class 2 

fit. (see Fig. 1) 

Shaft and hole tolerance = 0.0020 in. 
Allowance = 0.0033 in. 


DIMENSIONS 


+0.0020 3.5000 


Hole 3.9000 "90000 © 3.5020 
Shaft 3.5000 —0.0033 
~ 3 4967 +.0000 | 3.4967 


—0.0020 °F 3.4947 





Example 2: 34-in. shaft and hole, Class 7 

fit. (see Fig. 2) 

Shaft and hole tolerance = 0.0005 in. 
Interference = 0.0004 in. 


DIMENSIONS 
neon +0.0005 0.7500 
Hok 0.7500 _ 9.0000 © 0.7505 


0.7504 
0.7509 


+0.0005 


Shaft —0.0000 °F 


0.7504 
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Example 3: 1.625-in. shaft and hole, Class 
1 fit. (see Fig. 3) 
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Shaft tolerance = 0.0005 in. 
Hole tolerance = 0.0007 in. 

Allowance = 0.000 

DIMENSIONS 

<q +0.0007 1.6250 
Hole 1.6250 —0 0000 © 1.6257 
: o-g +0.0000 1.6245 
Shaft 6.6250 0.0005 9 1.6250 
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Allowance is defined as the minimum clearance space between mating parts. 
Tolerance defined as the amount of variation permitted in the size ofa part. 
Interference is defined as negative allowance 

*NVote :- Class 4.and § allowance is zero 
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